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Abstract
The Upper Oligocene Antigua Formation comprises a rapidly 
deposited sequence of limestones developed in an oceanic-arc setting 
immediately before cessation of subaerial volcanism. Ten sedimentary 
facies are recognized within it, ranging in depositional environment 
from shallow sublittoral to deep bank-slope. Their present outcrop 
patterns largely reflect original lateral facies variation across the 
ancient bank margin. The latter was mainly depositional in character, 
with bank-top often passing rather gradually into the upper bank-slope. 
Although a similar range and number of sedimentary facies are recognized 
within the Lower Miocene Anguilla Formation, bank-edge reefs are 
better-developed and the upper bank-slope shows evidence of sediment 
bypassing. Palaeoautecological and palaeosynecological studies of 
echinoid faunas can provide useful information on palaeoenvironment.
Twenty genera and thirty-two species of echinoids are 
represented in the Antigua and Anguilla Formations. Of the species, five 
are entirely new, seven more are described for the first time from the 
Lesser Antilles, and a further three have their known ranges extended 
within the region. Of the genera, four were previously unrecorded as 
fossils from the Lesser Antilles, one, Irenechinus, being described for 
the first time outside Australasia. Twelve genera have their diagnoses 
and/or synonymies significantly modified from previously accepted usage. 
A new subgenus is erected for the earliest-known Caribbean 
representative of Tripneustes.
Sedimentological evidence of hurricane activity within the 
Antigua and Anguilla Formations indicates that mid-Cenozoic sea-surface 
temperatures in the equatorial Atlantic were similar to those of the 
present day. Cenozoic echinoid biogeography supports an arc-migration 
model for the origin of the Caribbean Plate, indicates that speeds of 
shallow marine currents have increased during the Neogene (with the most 
significant changes affecting eastward Undercurrents), and suggests that 
a proto-Culf Stream was in operation by Eocene times.
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Chapter I 
General Introduction
1. Directions of Study
The Cenozoic era witnessed severe global changes in 
oceanographic and biogeographic patterns. This study contributes to an 
assessment of changes in transatlantic relationships by comparing 
mid-Cenozoic depositional environments and echinoid faunas of marine 
carbonates in the Caribbean and Mediterranean. In pursuit of this aim, 
it proved necessary to describe the sedimentology and palaeoecology of 
important Caribbean Oligo-Miocene limestones, as well as to revise their 
echinoid faunas. Placing these studies in a proper regional and global 
context further required, and has contributed to, general assessment of 
of island arc carbonate sedimentation patterns, and of biogeographic 
variation within the neotropics.
This introduction provides general information regarding the 
objects and methods of study. Chapters II and III describe the 
stratigraphy, sedimentary palaeoenvironments and echinoid 
palaeosynecology of the two most important mid-Cenozoic marine sequences 
in the Caribbean, neither of which had yet been satisfactorily studied. 
Chapter IV summarizes the general palaeoenvironmental conclusions of 
these studies, their implications regarding the overall character of 
island arc carbonates, the information they provide on mid-Cenozoic 
global palaeoclimates, and the environmental validity of biogeographic 
comparisons to Mediterranean units. Chapter V presents diagnoses and 
discussions of each species in the Antiguan and Anguillan fossil 
echinoid faunas, with references to full descriptions and keys relegated 
(for brevity) to the appendices. Chapter VI then summarizes Cenozoic 
changes in the biogeographic affinities of the Caribbean region, with 
particular emphasis on its echinoid faunas, discussing their 
implications in the light of different geohistorical reconstructions.
2. Criteria for Faunal comparison
Detailed biogeographic comparisons should be based on reasonably 
large and equally well studied faunas from chronologically and
- 16 -
environmentally equivalent settings. The standard of taxonomic 
description must also be uniform and free of any geographical bias. 
Studies based on the literature alone are seldom satisfactory since 
there may be wide discrepancies in species concept and nomenclature even 
between contemporaneous authors, while ecological and sometimes even 
chronological control are frequently poor. In practice uniformity of 
nomenclature, at least below generic level, is normally achieved only 
where all the faunas being compared have recently been described by a 
single taxonomist or by a small closely integrated group of taxonomists. 
The recognition of natural species divisions, and of course the 
significance of environmental control are best covered if the taxonomist 
or working group carry out a simultaneous study of ecological and 
geographic species distributions. This also ensures a similar degree of 
coverage and as a result a meaningful estimation of relative diversity.
3. Age Range of Study
Attention is focussed here on Lower Miocene faunas, because it 
is among these that most transatlantic similarities between Cenozoic 
fossil echinoids have previously been claimed (Gregory, 1891b;
Stefanini, 1924), and on Upper Oligocene faunas, since confusion over 
the position of the Oligocene-Miocene boundary has led to most Caribbean 
successions of this age being dated as Lower Miocene in the recent past. 
Pre-Chattian Oligocene strata are almost unknown in the Caribbean 
proper, probably reflecting the global eustatic lowstand at this time 
that has been documented from other volcanic islands by Schlanger & 
Premoli Silva (1986). The historical controls on biogeographic patterns 
require some discussion of earlier Paleogene and Late Cretaceous faunas, 
but this is restricted to comparison of museum material and a 
reassessment of the published literature. Rich Middle Miocene faunas 
occur in the Caribbean region, but have been relatively little studied 
and will also be dealt with only in comparative terms. Caribbean Upper 
Miocene and Pliocene faunas are also poorly known beyond the Florida 
peninsula, and in any case depauperate in the Old World fossil record as 
a result of climatic cooling and the Messinian Salinity Crisis in the 
Mediterranean. Only in Recent faunas does comprehensive transatlantic 
comparison again become possible.
Given the relative imprecision in the transatlantic correlation
- 17 -
of shallow water sediments, and the overriding need to compare 
reasonably large faunas from similar environments, precise time 
equivalence between the taxa being compared cannot always be guaranteed. 
Kier’s (1980) estimates indicate that the average longevity of echinoid 
species is about 4myr. Comparing the mid-Cenozoic faunas of Antigua and 
Anguilla redescribed herein, and differing in age by some lOmyr, a 
similar faunal half-life is obtained. Both seem to be confirmed by 
Chesher's (1972) conclusion that 50% of Caribbean echinoid species 
cannot be separated from their Panamic/West American geminates, despite 
genetic separation at least 3.1 mya. Since age discrepancies between the 
Old and New World faunas compared here are unlikely to exceed 2myr (see 
text-figure 5), their synchroneity can reasonably be assumed for 
biogeographic purposes.
4. Geographic Choice of Study Areas
The shallow water echinoid faunas of the Lesser Antilles are 
among the most complete and representative of the Caribbean 
mid-Cenozoic, the centre of the region being oceanic. The extensive 
Cuban fauna is copiously, but except for its spatangoids, poorly 
described, and remains politically inaccessible; it has also been 
interpreted as relatively deepwater (Kier, 1984). The well-documented 
Oligo-Miocene faunas of Florida are somewhat depauperate, probably as a 
consequence of their northerly occurrence, while South and Central 
American faunas are very imperfectly known. In contrast, the Antigua and 
Anguilla Formations, which have been respectively considered as the type 
Upper Oligocene and Lower Miocene of the Western Hemisphere (Frost & 
Weiss, 1979; Martin-Kaye, 1959), both provide substantial thicknesses of 
echinoid-rich sediments deposited in a variety of different sedimentary 
environments. Their large echinoid faunas were also the first of 
mid-Cenozoic age to be described within their region, conferring the 
advantage of working with types and specimens from type localities. 
Identification is facilitated and authoritative estimates of 
infraspecific variation, essential for close interfaunal comparison, are 
more easily made. In the Mediterranean a considerably greater choice of 
comparable mid-Cenozoic faunas is available. That of the Maltese islands 
appears to have been fairly representative of the tropical Mediterranean 
and was among the earliest to be described; it has also been carefully 
revised and studied palaeoecologically in recent years (Challis, 1979,
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1980; Boggild & Rose, 1984). Supposed affinities between its echinoid 
fauna and those of Antigua and Anguilla have frequently been noted, even 
in non-specialist literature, for example Read (1949). However, detailed 
palaeoecological analysis shows that the exposed
Chattian-Burdigalian succession of Malta does not adequately display the 
full range of echinoid habitats seen in the Antigua and Anguilla 
Formations, despite the importance elsewhere of Old World analogues. To 
remedy this situation two other Central Mediterranean faunas whose 
systematics and palaeoecology have recently been described were also 
included within the primary comparative dataset. Coarse coralline 
algal/lepidocycline bank facies are extremely important in the Antigua 
Formation, but absent from the depauperate Maltese Upper Oligocene, 
necessitating comparisons with analogous facies in the Upper Oligocene 
of Cyrenaica described by Rose (1966). Another point of difficulty is 
the absence of shallow water reef or backreef facies in the Maltese 
Lower Miocene. The echinoid palaeoecology and systematics of Aquitanian 
and Burdigalian reef and backreef limestones in southeast France have 
recently described by Negretti (1984). Suitably amended to conform with 
the present author's taxonomic views, this work fills the remaining gap. 
To aid in interpretation a number of other mid-Cenozoic successions were 
also examined in the Caribbean region, notably on the non-volcanic 
Greater Antillean island of Puerto Rico and Recent shallow marine 
environments examined by snorkelling and scuba diving off Puerto Rico, 
Anguilla, Antigua, St Kitts and Malta.
5. Usefulness of Echinoids as Palaeontological Tools
5.1 Cenozoic Echinoids as Biogeographic Indicators
Shallow water echinoids are an especially easy group in which to 
study historical biogeography, and have already been used to solve major 
palaeoceanographic problems, for example by Foster (1974). As advanced 
organisms, many details of whose complex morphology are readily 
observable in fossil material, they posses a wealth of characters 
suitable for phylogenetic analysis and classification. Excepting the 
dubious spine-orientated taxonomy of the cidaroids, homoeomorphy is 
easily recognized, and few genera or species are likely to be 
polyphyletic. This is in sharp contrast to the problems of (and appeals 
to) cryptic homoeomorphy sometimes encountered in studies of simpler
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organisms like foraminifera. The taxonomic record of echinoids is also 
exceptionally complete. Judging by the rate of appearence of new taxa, 
most living forms have probably been described. Chesher (1972) 
estimated, for example, that only 3% of the extant Caribbean echinoid 
fauna remains to be discovered, while the fossil record of irregular 
echinoids is among the most complete of any invertebrate group (Raup & 
Stanley, 1978).
The considerable systematic and taphonomic advantages of 
echinoids as palaeobiogeographic tools are matched by their strictly 
delimited mode of distribution. With the possible exception of a few 
deep-sea species not concerning us here, post-metamorphic echinoids have 
a very limited self-propelled mobility. Moreover, while corals and other 
attached epifauna can be passively transported long distances by rafting 
(Jokiel, 1984), this is entirely impossible for infaunal irregular 
echinoids and unknown even among regulars. Although post-mortem floating 
of the latter is well documented (Smith, 1984), long distance tranport 
requires test dessication which is easily recognizable (Reyment, 1986). 
In contrast to the situation in cephalopoda, original biogeography 
cannot easily be confused by post-mortem dispersal. Echinoid long-range 
dispersal is achieved almost entirely via a planktic larval stage. In 
consequence, echinoids are an excellent indicator of surface 
palaeocurrent patterns, their dispersal being geologically instantaneous 
once conditions have become favourable. Unfortunately, their 
quantitative use in palaeoceanographic reconstruction is disadvantaged 
however by the difficulty of estimating larval life span from fossils, 
independent of palaeobiogeographic distribution. This is relatively easy 
for gastropods and even bivalves because their accretionary mode of 
growth retains a record of early developmental stages (Scheltema, 1979; 
Jablonski & Lutz, 1983), but much more complex and indirect for fossil 
echinoderms. Though living echinoid larvae are diagnostic and possess a 
calcified skeleton, no example has yet been recognized from the fossil 
record (Jablonski & Lutz, 1983). This probably reflects at least partial 
reabsorption of the larval skeleton during metamorphosis and its 
intrinsic physicochemical instability if exposed on its own to seawater. 
Nevertheless, the general larval lifestyle of an echinoid is often 
discernable from gross adult morphology e.g sexual dimorphism and 
genital pore size in females (Kier, 1967a; Muller, 1970), the existance 
of marsupia for brooding (Foster, 1974). To a certain degree it can also 
be predicted from adult growth rates, resource allocation patterns and
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population dynamics, all of which also reflect general reproductive 
strategy. Fast growing unspecialized species ("r-selected") generally 
produce many small planktotropic larvae. They normally have very 
variable populations, temporarily reaching very high densities under 
suitable conditions, characteristically as pioneer species following 
some catastrophe in a stable climax community. Even in the absence of 
biological populations to study, resource allocation patterns and 
probable growth rates can be discerned from stereom micromorphology 
(Smith, 1980), For gastropods, it has been found that the length of the 
delay or competant period (during which a larva is ready to metamorphose 
immediately, but not yet constrained to do so) is inversely related to 
the species rate of growth, though it is not yet certaine that this 
generalization can be extended to echinoids (Jablonski & Lutz, 1983). 
Care is certainly necessary whenever applying this approach. Forms whose 
growth strategy is "k-selected" may also produce planktotrophic larvae 
if suitable environments are common but widely scattered, as is the case 
for coral reefs.
5.2 Cenozoic echinoids as Palaeoenvironmental Indicators and 
Biostratigraphical Tools
Echinoids are among the most useful of all Cenozoic macrofossils 
as palaeoenvironmental indicators. Living taxa are often very restricted 
in habitat and the functional relationship of many morphological 
adaptations to environment is now well understood (Smith, 1984). Even 
within a species, plasticity of resource allocation patterns often 
allows the environmentally-controlled development of different ecotypes 
(Ebert, 1980; Lewis & Storey, 1984; Dotan & Fishelson, 1985). When 
interpreted in terms of functional morphology, such ecotypic variation 
can provide a yet more detailed picture of environmental or 
palaeoenvironmental patterns. Moreover, the degree and nature of local 
reworking are more easily discernable in echinoids than in most other 
groups. In an exposed submarine setting, test appendages are entirely 
lost very rapidly after death (Schafer, 1971; pers. obs.). Rare cases of 
their continued association during postmortem transport can result from 
early dessication, but are easily discerned by the fragmentary nature of 
the spines and their orientation randomly flattened against the side of 
the test (Reyment, 1986; pers. obs.). Tests themselves also show 
different patterns of breakage depending on the state of sutural tissue
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decomposition (Aslin, 1968; Smith, 1984), Additionally, as a material, 
unfossilized echinoid stereom has a low resistance to physical damage 
such as abrasion (Chave, 1964; Currey, 1975), rendering even local 
bedload transport recognizable. This intrinsic weakness to surface 
damage is frequently enhanced among spatangoids by a tendency for 
tubercles to be secondary superficial structures, poorly bonded to a 
pre-existing plate surface.
The ease with which echinoid remains can be damaged in their 
original sedimentary environment contrasts stongly with their resistance 
to diagenetic destruction. Extremely resistant even to early seafloor 
solution (Walter & Morse, 1984; Walter, 1985), once converted into giant 
calcite crystals by cement overgrowth within the stoma of their stereom, 
echinoderm ossicles are among the most resistant of fossils to 
diagenetic damage, showing excellent retention of fine structure even 
through matrix neomorphism, recrystallization and dolomitization.
As organisms with a wide planktic dispersal and rapid Cenozoic 
evolution (Kier, 1974, 1980; Smith, 1984), echinoids should be 
biostratigraphically among the most useful macrofossil taxa for the 
correlation of environmentally equivalent facies. In this context their 
utilization by early biostratigraphers in the Upper Cretaceous Chalk of
they
northern Europe is well-known (Ernst & Seibertz, 1977). Although have as 
yet been little used for stratigraphie correlation in the Cenozoic 
strata. Rose (1984) has pointed out that most of the difficulties in 
doing so are man-made.
6. The Integrated approach to Biogeography
In planning research I have opted for an integrated 
taxonomic/sedimentological/chronostratigraphic study. The advantages of 
this approach as regards depth of knowledge and ease of database 
expansion are balanced by its necessarily limited scope. By no means all 
the genera or species extant in a biogeographic unit of provincial 
status are ever likely to be represented in the same small fraction of 
its area. In the case of the Bivalvia, the Central American Province 
begins to show subprovincial distinctions as early as the Late 
Cretaceous (Kauffman, 1973), a total of nine such subdivisions being 
distinguishable in this group by the mid-Cenozoic (Macsotay, 1972).
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While details of intraprovincial differentiation in echinoid faunas are 
less well-known, some significant variation is known at the present day 
and was clearly present earlier (Poddubiuk & Rose, 1985; Chapter VI). As 
well as large scale biogeographic variation, dynamic area-dependant 
population controls have been shown to drastically affect species 
diversity (Macarthur & Williams, 1967). Faunal diversity on the narrow 
shallow marine shelves associated with isolated oceanic islands, such as 
those of the Lesser Antilles, would not be expected to reach the levels 
seen in continental shelf environments, such as those represented in the 
Maltese sequence. Finally, an intrinsically patchy species distribution, 
such as that noted by Buchanan (1966, 1967) for the spatangoid echinoid 
Echinocardium cordatum on the floor of the North Sea, can result in 
tremendous local variation in abundance. To assess and partially 
overcome these difficulties. Chapter VI also covers, albeit more 
superficially, those Caribbean taxa not represented in the faunas of the 
Antigua and Anguilla Formations.
7. Semantics and Abbreviations
All too often, an authors words fail to convey his true meaning, 
Throughout this work the terminological usage and abbreviations have 
been standardized as described in Appendix A.
8. Regional Setting of the Caribbean Research Areas
The Lesser Antilles are a chain of essentially volcanic islands 
forming the eastern limit of the Caribbean Sea (text-figures 1, 2). They 
constitute the surface expression of an arcuate submarine ridge bounded 
to the north by the Anageda Passage and to the south by the South 
Caribbean Passage. Antigua and Anguilla, the major islands on which base 
studies for this project were carried out, belong to the easterly "Outer 
Leewards" branch of the chain, lying at latitudes of 17°N and 18°N 
respectively, each on an extensive submarine bank (text-figure 3). In 
the case of Antigua the bank top is essentially level and lies mainly at 
depths of 18-33m. It covers an area of just over 3,500 km2, of which 
some 12% is emergent. On all sides it drops off steeply to depths of 
275-550m with slope angles sometimes exceeding 15° to the south-east.
The Anguilla Bank is of slightly greater area than the Barbuda Bank on
- 23 -
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which Antigua lies, but of more uneven summit topography with water 
depths over it generally lying in the range 20-65m. It bears three major 
islands, Anguilla, Saint Martin and Saint Barthélémy, as well as 
numerous islets, patch reefs and ribbon reefs, but only 5% of its area 
is emergent. Like the Barbuda Bank it drops off steeply to depths of 
several hundred metres at its edge. This type of submarine topography 
contrasts strongly with that of the active volcanic arc to the west, 
where the steep subaerial island slopes continue with minimal 
interuption to depths of over 450m below sea level. It is notable that 
in the Outer Leewards islands with a core of volcanic basement 
invariably lie on the west side of the submarine banks, while reef 
development is greatest to the north and east.
It is now understood that large-scale tectonics plays an 
important role in determining patterns of sedimentation (Mitchell & 
Reading, 1986), hence the present day tectono-sedimentary setting of the 
Lesser Antilles is summarized in text-figure 4. Quaternary volcanic 
activity has been restricted largely to eleven mature volcanic islands 
(Grenada, Saint Vincent, Saint Lucia, Martinique, Dominica, Basse Terre, 
Montserrat, Nevis, Saint Kitts, Saint Eustatius and Saba) and one 
immature submarine volcano (Kick’em Jenny), lying in an arc some 700km 
long. North of Dominica a relict arc, the Outer Leeward chain (Limestone 
Caribbees) lies some 55km to the east of the active arc (text-figure 3). 
Its abandonment reflects mid-Cenozoic changes in the relationship 
between the Caribbean and Atlantic plates, which shifted the locus of 
active volcanism westward during the Miocene. This shift seems to have 
involved alterations in rate and/or angle of subduction, possibly due to 
the subduction of an aseismic ridge (Bouysse, 1984). Both the Antigua 
and Anguilla Formations were deposited on highs belonging to the Outer 
Leewards Arc at a time when volcanic activity along this was rapidly 
declining. They are predominantly carbonate successions developed over 
reworked volcanoclastics, which in turn rest on a basement of 
subduction-related volcanics. The particularly widespread occurrence of 
early Chattian and Lower Miocene limestones in both the Greater and the 
Lesser Antilles (Martin-Kaye, 1969) suggests eustatic sea level change 
as well as cooling related subsidence and exhaustion of reworkable 
pyroclastic debris sources led to the change. Subsequent deformation 
has, in the northern islands, been restricted largely to normal block 
faulting associated with an extensional tectonic regime. Andean folding 
is claimed to be significant in the southern Lesser Antilles
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(Martin-Kaye, 1969; Brasier & Mather, 1975), but the absence of evidence 
for compressive folding even in the Andes themselves (Hamilton, W,,
1985, oral com.) suggests that this interpretation is rather unlikely. 
Such regional folding as occurs appears to be associated either with 
unrelated north-south compression of the Caribbean Plate or with 
shearing in the Barbados Ridge accretionary prism.
The early history of the Lesser Antilles is still the subject of 
considerable controversy, which is critically reviewed in Appendix J 
(Section 2.3) and discussed in the light of biogeographic findings in 
Chapter VI. Although Fink (1970) obtained Late Jurassic ages from a 
slightly metamorphosed suite of pillow lavas and bedded cherts on the 
island of La Desirade just east of Guadeloupe, these rocks appear to 
represent a displaced terrain of uncertain origin, and the oldest 
visible basement elsewhere along the early outer arc of the Lesser 
Antilles is of Lower Eocene to Oligocene age (Nagle & Stipp, 1976;
Briden et al., 1979). At least the Grenada Basin, and probably the whole 
of the Caribbean Plate, comprise a Late Cretaceous to Recent crustal 
fill behind an eastwardly migrating Antillean subduction zone.
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Chapter II
Geology, Sedimentology and Palaeontology of the Antigua Formation
1. Introduction to the Geology of Antigua
Antigua, some 280 km^ in area, is the southernmost of the Outer 
Leeward Islands. It has been the object of periodic geological and 
palaeontological study since the early nineteenth century. Comprehensive 
bibliographies of previous geological and palaeontological work on the 
island, as well as major cartographic sources, are provided in Appendix 
B. It was soon recognized that the main physiographic, pédologie and 
écologie divisions of the island, the southwest mountainous region, the 
central plain and the northeast limestone district, were intimately 
related to its geology (Nugent, 1821; Hovey, 1839; Charter, 1937;
Harris, 1965).
The southwestern third of Antigua comprises a 2000m thick 
sequence composed predominantly of agglomerates, tuffs and 
basalt-andesite-dacite flows (Martin-Kaye, 1959; Christman, 1972; 
text-figure 8). With the exceptions of Guppy (1911, 1912) and Tempany 
(1912), all geologists to have studied these strata have considered them 
to be the oldest rocks on the island. The area is characterized by high 
relief, generally controlled by the regional northeasterly dips of the 
strata (Plate 1, figure 1). Elevations frequently exceed 300m, the 
greatest being Boggy Peak (402m). This region receives considerably more 
rainfall than the other parts of the island and is characterized by thin 
neutral to slightly acid siliceous clayey soils with a heavy vegetation 
cover including some regenerated rain forest (Charter, 1937; Harris, 
1965). Specific eruptive centres have yet to be discerned (Christman, 
1972; Mather & Fink, 1975). Minor limestone units occur, but are 
invariably recrystallized and often partly silicified (Trechmann, 1941; 
Marek, in Theis, 1980). Their precise relationship to the volcanics is 
often obscure. The sequence has been dated on palaeontological grounds 
as "mid" Oligocene by Thomas (1942) and Christman (1972) and as Upper 
Oligocene by Martin-Kaye (1959). Nagle & Stipp (1976) obtained 
Potassium/Argon ages of 38 myr BP (end Eocene) for the Table Mountain 
basalt, while samples of dacite and rhyolite porphyry yielded minimum 
ages of 24 myr BP (late Chattian) and 20 myr BP (Aquitanian) 
respectively.
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The central plain of Antigua lies northeast of the upland 
volcanic district. It is a belt of relatively low lying land stretching 
between the deep embayments of St, John’s Harbour and Willoughby Bay 
with elevations often less than 15m above sea level, though the ground 
is periodically broken by low discontinuous ridges (Plate 1, figure 1), 
Soils are thick, neutral to alkaline clays and the land is extensively 
given over to agriculture. It is underlain by a 900-1400m thick sequence 
of stratified tuffs, mainly reworked and with occasional intercalated 
beds of reefal limestone, cherts and conglomerates (Earle, 1923). Both 
marine and freshwater horizons are represented within this succession 
which was formally named the Central Plain Group by Frost & Weiss 
(1979). Lateral facies variation and repetition due to strike faulting 
confuse its stratigraphy, whose study is further hindered by poor 
exposure of its predominantly soft lithologies, and a veneer of Pliocene 
or Pleistocene alluvial clays and shelly marine marls (Earle, 1923). 
Conformably overlying the volcanic sequence of the southwest mountainous 
area, it changes in character upwards by the decreasing importance of 
agglomeratic material and fine tuffs relative to cherts, conglomerates 
and volcanogenic sands (Martin-Kaye, 1959). Lensoidal limestone units 
ranging from less than one to over one hundred metres in stratigraphie 
thickness occur throughout the succession. Palaeontologically they 
resemble the lower part of the overlying Antigua Formation and have been 
dated as Upper Oligocene (Hill, 1899; Thomas, 1942; Frost & Weiss,
1979). Continuing shallow igneous activity is indicated by occasional 
direct pyroclastic deposition and a number of shallow intrusions like 
the andesitic lacolith near Snapper Point (Earle, 1923).
The low undulating hills of the northeastern limestone district 
mark the outcrop of the Antigua Formation. Composed mainly of 
fossiliferous limestone, this has recently been described as the type 
marine Upper Oligocene of the Western hemisphere (Frost & Weiss, 1979). 
Subsidiary volcanogenic material is mainly epiclastic in origin, though 
minor airfall pyroclastics and small intrusions in the Hodges Bay area 
show that active volcanism had not yet completely ceased. The district 
is separated from the central plain of Antigua by a distinct, if 
discontinuous, escarpment running from Weatherills Point to the north 
shore of Willoughby Bay (Plate 1, figure 2). Elevations within it 
nowhere exceed 150m above sea level and good natural exposure is rare 
except along the coast. Soils are characterically thin and highly 
alkaline, though they may locally be ameliorated by superficial
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Plio-Pleistocene deposits (Charter, 1937).
Structurally the island of Antigua is dominated by a 
northeasterly regional dip. Large scale deformation is dominated by 
normal strike faulting. Martin-Kaye (1959) records downthrows exceeding 
300m on the Belmont Fault, the largest with a direct surficial 
expression. In the incompetent lithologies of the Central Plain Group 
and the Antigua Formation faulting at depth seems to be represented by 
folding at the surface. The current outcrop of the Antigua Formation 
appears to be draped in a large monoclinal fold over one such fault, 
regional dips decreasing steadily from over 15° at its base in the 
southwest to zero in many northeasterly coastal exposures. Seismic 
profiling between Antigua and Barbuda indicates that a more or less 
horizontal bedding attitude in maintained offshore (Brasier & Mather, 
1975). There is no structural evidence for the local Barbuda Uplift 
postulated by Martin-Kaye (1969) nor, in the light of recent studies on 
global sea level variation, is there any need for such a feature to 
explain the present modest elevation of the Pleistocene deposits on this 
island. On an outcrop scale folding is limited to the low amplitude 
deformation associated with hypabyssal intrusions, drape compaction over 
reef or rudstone deposits and synsedimentary slumping.
The deep geology of the Barbuda Bank has never been properly 
investigated. Surface petrography and tectonic position suggest that it 
is a thick pile of volcanogenic and intrusive material. Certainly the 
cross-section presented by Senn (1940) to account for supposed borehole 
finds of Cretaceous foraminifera (Cushman, 1931; Martin-Kaye, 1959) can 
be discounted. Likewise, there is no evidence that the Antigua Formation 
of Antigua and Highlands Formation of Barbuda are the lower and upper 
parts of a continous succession. This model was originally suggested by 
Davis (1924) and more recently by Brasier & Mather (1975), but has been 
rejected by Woodring (1928) and most subsequent workers. Sedimentary 
continuity is out of keeping both with the known rate of deposition of 
the Antigua Formation, with the findings of Vail et al. (1977) on global 
eustatic history and with patterns elsewhere in the Lesser Antilles. 
Furthermore, neither the structural geology of the Antigua Formation 
outcrop on land nor the geophysical evidence gathered in the 
Antigua-Barbuda Passage suggest continous northeasterly dips. Given the 
extensional tectonic regime of the Barbuda Bank, a fold mechanism for 
such substantial tilting would also be difficult to envisage.
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2. Local Geography and Geomorphology of Antigua
Names of localities referred to herein follow usage on the DOS 
1:50,000 map of Antigua wherever possible, the positions of the most 
important also being shown in text-figures 6 and 7.
The littoral geomorphology of Antigua changes from southwest to 
northeast in a manner that cannot entirely be explained by differences 
in lithology. In the southwest the coastline is relatively simple, 
marked by high cliffs, associated with raised beaches, and close to the 
bank edge. In the northeast it is highly indented and characterized by 
drowned valleys sheltering seagrass beds and mangrove swamps, with 
well-developed coral reefs offshore (Plate 1, figure 3). Nicholson 
(1974) also noted a discrepancy in the position, relative to present sea 
level, of contemporaneously occupied archaeological sites around the 
Antiguan coast. Archaic beach settlements in the southwest of the island 
have been raised well above present day sea level; traces that have been 
found along the ecologically more favourable northeast coast suggest 
sites there are now submerged. From this evidence he concluded that the 
island of Antigua has been tilting in Recent times. It is notable that 
the only regions in which high cliffs are presently seen in the Antigua 
Formation, at Weatherills Point and around Hudson and Soldier Points, 
lie close to the axis of the Antigua Monocline. The mechanism of Recent 
tilting may therefore be directly related to that which imparted 
stratigraphie dips to the Antigua Formation.
The coastal exposure of the Antigua Formation differs markedly 
from that of the Anguilla Formation some hundred kilometres further 
north. Beachrock coverings are very rare, either because the coastline 
is subsiding or because it lies further south of the tropical seawater 
salinity maximum. Marine biokarst is not as well developed as on 
Anguilla, but some solution effects are observable on foreshore 
platforms composed of purer carbonates (Plate 2). These platforms 
display the classic Type 1 profile of Semeniuk & Johnson (1985). The 
rarity of marine karstic features on impure Antigua Formation 
lithologies, compared to the purer Anguilla Formation, may be related to 
the generally poor cementation and more rapid weathering rate of the 
former. An analogous geomorphological difference between the Globigerina 
Limestone and Lower Coralline Limestone Formations on Malta was noted by 
Thake (1985). Since calcrete cap development is also rare on Antigua,
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the proportion of coastal outcrop available for field assessment of 
sedimentology is much higher than on Anguilla.
The inland geomorphology of the Antigua Formation differs 
appreciably from that of the Anguilla Formation in the patchier 
development of surficial vadose calcretes and the rarity of subterranean 
solution features. A buff-coloured chalky regolith characteristically 
obscures the bedrock, except in deeper roadcuts and quarries. The 
lithology of various superficial deposits associated with post-Miocene 
fluvial activity has been summarized by Martin-Kaye (1959). Topographic 
maps show small closed depressions, which may be attributable to cavern 
collapse, above the northern shores of Willoughby Bay. Another example 
is well exposed in the old "Navy Base Quarry" at BWIGR 4441 18965. It is 
unlikely to be coincidental that in these areas the Antigua Formation is 
particularly pure, coarse-grained and permeable. Similar lithologies are 
also associated with coastal arch and sea cave formation, as on the 
south side of Soldier Point, additionally displaying the best developed 
inland calcrete caps seen on Antigua and forming most of the steeper 
headlands and higher offshore islands like those of Plate 4, figure 1.
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3. Stratigraphie Nomenclature of the Antigua Formation
Although the impure limestones underlying Antigua’s northeastern 
third were recognized as a distinct unit even in the earliest 
stratigraphie papers on the island (Nugent, 1818, 1821), they were not 
formally named for over eighty years. Formal authorship is generally 
ascribed to Spencer (1901a), who distinguished as the lower of two 
pre-Pliocene limestone units on the island a ’’White Limestone or Antigua 
Formation’’. Overlying this unconformably, he recognized another 
limestone unit, the "Hodges Hill Calcareous Sandstone". Brown (1913) 
rightly dismissed Spencer’s observations of angular unconformity between 
these units, extending Spencer’s "Antigua Formation" to include both. 
This view has been accepted by all subsequent authors except Warneford 
(1949, 1950), who not only maintained the Hodges Hill Sandstone as a 
separate stratigraphie unit, but mapped all the other coastal limestone 
exposures as a "Friars Hill Series Limestone" which he interpreted as 
unconformably infilling basins on an Antigua Limestone topography. His 
fallacious observations and conclusions were remedied by the sterling 
work of Martin-Kaye (1959), which has formed the basis of Antiguan 
stratigraphy until the present. Herein, the Antigua Formation is taken 
to encompass the entire predominantly calcareous sequence of Oligocene 
shallow marine limestones, marls and interbedded pyroclastics, overlying 
the negligibly older, but predominantly clastic. Central Plain Group of 
Frost & Weiss (1979).
The only internal subdivision of the Antigua Formation to be 
recognized in published literature is the Hodges Bay calcareous 
sandstone unit originally defined by Spencer (1901a). This distinctive 
lithofacies was accepted as an informal subdivision at the top of the 
Antigua Formation by Earle (1923) and Martin-Kaye (1959, 1969). 
Unfortunately its limited lateral extent, between Boon Point and High 
Point in northwestern Antigua, and the occurrence of lithologically 
similar units at a lower stratigraphie level in eastern Antigua, 
restrict its stratigraphical usefulness. More helpful as a marker 
horizon within the Antigua Formation is a period of drastically 
increased epiclastic imput to the marine environment, associated with 
minor airfall pyroclastic deposition. This produced a thickness of 
tuffaceous volcanogenic sands, typically overlain by yellow impure sandy 
limestones, before passing back up into whiter, purer, limestones. While 
its detailed sedimentology depended on local bottom conditions, this
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basic lithological pattern is recognizable at approximately the same 
horizon right along the strike of the Antigua Formation, from Boon Point
in the northwest to Long Bay and Neck of Land in the southeast.
Association with increased pyroclastic activity suggests that deposition 
of these strata was associated with Bank-wide tectonic events and not
restricted entirely by local setting. This justifies their formal
recognition as a stratigraphie subdivision of the Antigua Formation, 
henceforth referred to as the Boon Point Member and formally described 
in Appendix C.
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4. Age of the Antigua Formation
Published estimates of the age of the Antigua Formation range 
from Lower Oligocene to Lower Miocene. Even in recent works, a concensus 
has not been reached as to whether it is Chattian (Martin-Kaye, 1969; 
Frost & Weiss, 1979) or Aquitanian (Morely Davies et al., 1975; Cutress, 
1980). The uncertainty is largely a result of controversy over the 
position of the Oligocene/Miocene boundary following the prestigious 
biostratigraphic work of Fames et al. (1962).
Berggren (1969, 1972) recognized that a hiatus separates the top 
of the stratotype Chattian from the base of the stratotype Aquitanian in 
Europe. He redefined the base of the Aquitanian Stage, and through it of 
the Miocene Period, at the base of SPFZ N4 of Blow (1969). This boundary 
criterion results in a division only slightly below the base of the 
recognized Aquitanian stratotype. It cannot itself be formally accepted 
on methodological grounds, not being fixed in a physical section, but as 
a working definition based on planktic foraminifera it facilitates 
correlation between European and Caribbean successions. Following the 
recent failure to agree on a formal Paleogene/Neogene boundary 
stratotype (Gelati & Steininger, 1984), the slightly amended usage of 
Berggren et al. (1985), which places it at the Chattian/Aquitanian 
boundary about the middle of SPFZ N4, approximately 23.7 mya, is 
utilized herein. The same authors consider the base of the Chattian to 
be approximately contemporaneous with the base of SPFZ P21b, 
approximately 30 mya.
Many different organisms have been used in the past to correlate 
the Antigua Formation, both within the Americas and across the Atlantic. 
Vaughan (1918b, 1919) considered its coral faunas to indicate a "Middle
Oligocene" or "Rupelian" age but Frost & Langenheim (1974, p. 40) argue 
that "Antiguan" faunas range throughout the Oligocene in Mexico and 
provide little definition for biostratigraphy. Bold (1966a, 1966b) and 
Macsotay (1971) considered the Antigua Formation to be Chattian on the 
grounds of ostracod and turretellid gastropod biostratigraphy 
respectively. The abundance of Kuphus within the unit supports this 
dating; the incoming of this distinctive bivalve being a basal Chattian 
marker in West Africa (Adams, C.G., 1981, oral com.). The earliest known 
occurrence of the specialized strombid gastropod Orthaulax within the 
unit suggests a relatively late Chattian age, this form only becoming
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widespread within the Caribbean Province during the Lower Miocene. On 
the basis of its abundant and diverse Lepidocyclina (Eulepidina) fauna, 
and the apparent absence of both Miogypsina and Miogypinoides, Cole 
(1952) concluded, however, that the Antigua Formation was Lower Chattian 
in age. Although no sign of Miogypsina has been detected by the present 
author, Miogypsinoides cf. complanatus is locally common in upper slope 
facies of the Boon Point Member (Adams, C.C., 1986, pers. com.; Plate 
34). Beckmann, in Beckmann et al. (1981), considers Miogypsina to have 
appeared in the Western Hemisphere about the base of SPFZ N4, while 
Miogypsinoides was already extant there by about the beginning of SPFZ 
P21. Butterlin (1981) considers Lepidocyclina (Eulepidina) undosa, 
originally described from the Antigua Formation and occurring in 
suitable facies throughout its thickness, to be strictly indicative of 
the Oligocene in the Caribbean. He considers Miogypsinoides complanatus 
to be entirely restricted to his Upper Oligocene subzone E.2, whose 
beginning is also marked by the appearance of Heterostegina antillea, 
another species originally defined from the Antigua Formation. A further 
age restriction is suggested by records from the Antigua Formation of a 
species closely resembling Cibicides mexicana (Bolli & van Bold, in 
Martin-Kaye, 1959). Beckmann considers Cibicides mexicana ss. to have 
become extinct at the top of SPFZ P21, Numerous records of a Globigerina 
ciperoensis ciperoensis planktic foraminifera fauna within both the 
Antigua Formation and the Central Plains Croup (Martin-Kaye, 1969) 
indicate their deposition actually took place during SPFZ P22. Combining 
all the available evidence it seems reasonable to conclude that the 
Antigua Formation was laid down in early P22, or possibly latest SPFZ 
P21, times. Chronostratigraphically this indicates deposition 26-29 mya, 
during the Lower Part of the Chattian Stage in the usage of Berggren et 
al. (1985), its upper part accepting the arguments of Harland et al. 
(1982). Its deposition would then be almost exactly contemporary with 
that of the Lower Coralline Limestone of Malta. It is perhaps ironic 
that the earliest published correlation of the Antiguan succession, by 
Jones (1864), should have reached precisely the same conclusion!
- 42 -
5. Structural Geology of the Antigua Formation
The location of the Antigua Formation outcrop on the descending 
limb of a shallow northwesterly trending monocline was recognized by 
Martin-Kaye (1959), but its detailed structure has never been examined. 
In order to assess the stratigraphie relationship between measured 
sections, it proved necessary to produce a basic structural map of the 
Antigua Formation outcrop (text-figure 9). It is now clear that the 
monoclinal axis, which runs northwest/southeast from the St John’s area 
to Willoughby Bay is strongly flexed northeastwards at the eastern end 
of the island. This flexure is associated with smaller scale monoclinal 
folding within the Antigua Formation itself, approximately parallel to 
the original northwesterly trend of the larger scale structure. 
Additionally, the northeasterly coastal region of the island, at the 
foot of the major monocline, is characterized by more or less 
symmetrical minor folding with a parallel axial orientation. This 
structural pattern can best be interpreted as the adjustment of a thin 
skin of incompetent strata to the normal faulting associated with 
extensional tectonics in a more rigid underlying basement. Available 
evidence suggests fold geometry is concentric with its plane of 
detachment within the Central Plain Group. Such an interpretation is 
supported by the importance of normal tectonic faulting in the more 
competent parts of the Central Plain Group and the Volcanic Series, but 
not in the Antigua Formation.
Although the sharp northeasterly flexure of the monoclinal axis 
along the easternmost coast of Antigua does not appear to have been 
recognized before, such deflections are not an unusual feature of 
monocline development. This example cannot be a straightforward 
dislocation produced by wrench faulting since the monoclinal profile is 
maintained throughout, albeit at a reduced amplitude. It could result 
from termination of the basement fault responsible for the monocline 
against an obstruction, with subsidence-related detachment or 
downfolding around the edge of this. Alternatively it could be produced 
by the action of a fold set intersecting the monoclinal axis at 
approximately 45°. Available evidence strongly favours the former 
mechanism. The angle of flexure is sharp but does not exceed 90° (as 
often happens in fold controlled examples), while the only folding 
observed in the region of the flexure is of far too small a scale to 
have created it, and of the wrong orientation. Moreover, in both its
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northwesterly trend and its monoclinal character, this minor folding 
parallels the main the North Antigua Monocline, dying out northwestwards 
away from the Willoughby Bay Flexure, Flexure formation by the subsiding 
block mechanism could produce this pattern if there was variable 
resistance to the lateral detachment of the subsiding basement block 
where its bounding fault was deflected to skirt the basement 
obstruction. Higher resistance could produce a reduction in overall 
fault throw and, in turn, monocline amplitude, towards the obstruction 
and its associated flexure, as observed in the North Antigua Monocline. 
The extension of the Antigua Bank for some distance west of the island 
would certainly allow the existence of an obstruction, e.g. a large 
intrusion or old volcanic centre. Perhaps the most compelling reason for 
favouring fault obstruction and displacement over folding as a mechanism 
for the Willoughby Bay Flexure is the difficulty of generating 
substantial and approximately symmetrical folds independently of 
monocline development in a tensional tectonic setting. The shallow and 
subsymmetrical folds seen along the northeasterly coast of Antigua, in 
the foot of the monocline and paralleling its axis, are probably gravity 
induced structures related to slight downward slippage off the slope of 
the monocline.
Jointing patterns in the Antigua Formation vary greatly, both in 
development and direction (Martin-Kaye, 1959; pers. obs.). They are 
clearly related to local and superficial deformation. Dominant trends in 
the sector 020° to 030° on Boon Point and in Hodges Bay are probably 
related to the general folding of the Antigua Formation on a 
perpendicular axis offshore. Further to the southwest, the dominant 
trend of 130°-140° probably reflects the different, northeasterly trend 
of the Antigua monocline in this region.
The effects of contemporaneous tectonism on the deposition of 
the Antigua Formation are slight. Uplift of the island presumably caused 
the increased imput of epiclastic debris during deposition of the Boon 
Point Member, while low amplitude folding locally accompanied injection 
of shallow intrusions (see 7.3.8, Subfacies ANT[H2]). Listric 
intraformational truncation surfaces and other evidence of slumping 
occur in slope facies (Plate 41), but whether the trigger for slope 
failure was actually seismic cannot now be determined. The apparent 
northeastward reduction in thickness of the Antigua Formation recorded 
by Earle (1923) would be consistent with rotational growth faulting, but
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is poorly supported and may equally be an artefact of the way in which 
stratigraphie thicknesses were calculated. Previously observed 
differences in dip between the lowest beds of the Antigua Formation and 
the top of the Central Plain Group are consistent with onlap of the 
latter against a sloping shoreface, rather than with structural tilting.
6. Studying Variation within the Antigua Formation
Paucity and discontinuity of exposures in the Antigua Formation 
are discussed in sections 1 and 2. The most important localities at 
which sedimentological examination of the unit is possible are shown in 
text-figures 6 and 7. Each of these outcrops was completely logged, on a 
bed by bed basis, for composition and petrography, primary and secondary 
sedimentary structure, general and echinoid palaeontology. A separate 
sample collected for each lithological variant, in addition to any 
interesting fossil material. Logging procedure was tailored to maximize 
accuracy for the type of section involved. Continuous subvertical 
sections were normally measured directly using a tape or a graduated 
staff. Long subhorizontal sections, particularly those including 
substantial gaps in exposure, were measured by the Jacob’s Staff method 
if the line of the section ran parallel to the stratal dip, by 
tape/compass/clinometer survey in other circumstances (the results being 
worked up to true stratigraphie thicknesses on completion of the field 
season). All logs were subsequently drafted in pencil at a scale of 
1:100, incorporating the results of laboratory studies. Stratigraphie 
thicknesses represented by intervening stretches without exposure were 
then calculated by three-dimensional trigonometry from topographic maps 
and the structural model presented in text-figure 9, allowing the 
construction of composite sections though the whole Antigua Formation as 
far as Great Bird Island. Unfortunately, though the resulting documents 
formed a major database for the sedimentological analyses of section 7, 
the amount of additional information they provide does not justify the 
volume of technical drawing necessary to include them as an appendix of 
the thesis. Frost & Weiss (1979) and Theis (1980) have provided basic 
lithological logs and weathering profiles that are adequate for specimen 
location within most sections.
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7, Sedimentology of the Antigua Formation
7.1 Boundaries of the Antigua Formation
Obscured by superficial deposits along most of its strike, the 
contact of the Antigua Formation with the Central Plain Group can only 
be examined properly at two localities, a roadcut on the side of Friars 
Hill and a low cliff on the north side of Willoughby Bay. Another, much 
poorer, section also seems to be exposed at the base of Cedar Valley 
Quarry, while Theis (1980) recorded the contact in temporary excavations 
behind Halcyon Bay. In all these cases, the junction is sedimentary 
rather than structural, refuting the interpretation of Guppy (1910).
It has repeatedly been shown that the Central Plain Group and 
Antigua Formation are indistinguishable biostratigraphically. Lenses of 
marine limestone occur frequently within the former unit, examples of 
which are described in detail by Trechmann (1941), Thomas (1942) and 
Frost & Weiss (1979). Units are thickest and most frequent in the 
eastern parts of the island, though occasional patch reefs occur even in 
the St John’s area. Both Spencer (1901a) and Brown (1913) were of the 
opinion that the final transition from the predominantly clastic Central 
Plain Group to the predominantly carbonate Antigua Formation was 
conformable, the latter author also considering it to be gradational.
The fine section recently made available at Friars Hill confirms a 
conformable, non-erosional, relationship at this point with carbonate 
sediments directly overlying siliciclastic muds (see Plate 4, figure 2 
and Frost & Weiss, 1979). A similar transition occurs at Cedar Valley 
and in Theis’s (1980) section behind Halcyon Bay. However, Earle (1923), 
after a careful examination of the base of the Antigua Formation in 
Willoughby Bay, concluded that it overlay, with slight onlap 
unconformity, a thick rudaceous unit at the top of the Central Plain 
Group. Known as the Cassada Garden Gravel, this had been considered a 
superficial deposit by all authors prior to Vaughan (1919), but was 
interpreted by Earle (1923) as an Oligocene shoreline feature over which 
the Antigua Formation had transgressed. Clast composition, shape and 
rounding, as well as cross-stratification in some outcrops, suggest 
deposition typically in exposed fluviomarine fan-deltas. The foregoing 
discussion shows that it was not everywhere present at the base of the 
Antigua Formation; indeed, it has been shown to occur as numerous
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separate lenses within the upper part of the Central Plain Group, the 
thickness and frequency of the lenses increasing towards the east 
(Martin-Kaye, 1959, fig. 3). Like the occurrence of limestone in the 
Central Plain Group, and facies variation in the overlying Antigua 
Formation, this probably reflects increasing openness to heavy Atlantic 
wave activity. The Atlantic-facing shores of the Antigua Bank were 
relatively steep and high energy, making transgression over them slow, 
and reworking of earlier deposits extensive. In contrast, flat-lying 
areas well away from the Atlantic-facing bank edge would tend to have 
been flooded more rapidly by calmer waters, with little reworking of the 
underlying deposits. Unfortunately the coastal exposures of the base of 
the Antigua Formation in Willoughby Bay are rather changeable. Neither 
those described by Earle (1923) or Martin-Kaye (1959) seem any longer to 
be available. In another nearby example examined by the author the 
junction between Cassada Garden Gravel and Antigua Formation seems to be 
conformable, but this does not disprove Earle’s earlier observations.
The depositional top of the Antigua Formation is nowhere 
exposed, but stylolitic bedding is frequently well-developed, even in 
its higher beds, suggesting subjection to a fairly substantial 
overburden at some stage (see Section 7.6). This is also suggested by 
the significant thickness of Upper Miocene and Pliocene limestone 
recorded by Brasier & Donahue (1985) on Barbuda.
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7.2 Lateral Thickness Variation in the Antigua Formation
Stratigraphie studies of the Antigua Formation are hampered by 
limited exposure, a paucity of distinctive widespread lithological 
markers and the difficulty of discerning minor structures. Apart from a 
few fresh quarries and roadcuts, exposure is confined to intermittent 
coastal cliffs and wave-cut platforms, many of which are inaccessible 
except by sea. Individual carbonate beds within the succession are 
typically lenticular or laterally gradational over scales less than a 
kilometre, and lithologies are repeated indistinguishably many times 
even in the same section. Airfall pyroclastic and epiclastic storm beds 
are can be useful stratigraphically over scales up to a few kilometres, 
but rarely survive reworking over greater distances. The only useful 
marker on a larger scale, or over a wider facies range, seems to be the 
Boon Point Member described in Appendix C. Stratigraphie trends in 
depositional facies within the exposed section partially reflect 
original geography and are of limited use in chronological correlation. 
Finally, although an overall monoclinal pattern predominates, minor 
secondary folding on its limbs complicates the estimation of 
stratigraphie intervals represented by intervals of non-exposure.
Previous workers have estimated the exposed thickness of the 
Antigua Formation as between 107m (Vaughan, 1919) and 550m (Theis,
1980). In every case, the estimate seems to have been based on vertical 
stratigraphie reconstruction from dip pattern and outcrop width. Given 
the large effects of tiny inaccuracies in dip estimation when such low 
dips and great horizontal distances are involved, it is hardly 
remarkable that such a wide range of thickness estimates exists, despite 
the basis of all these estimates in the single well exposed section 
between Weatherills Point and Beggars Point. Even after construction of 
a more accurate structural map than hitherto available, stratigraphie 
thickness estimates ranged from 466m to 592m in the composite sections 
constructed for this study each calculated out to the top of the 
sequence on Great Bird Island. The best controlled sections, those 
beginning at the bases of the Lavingtons Road and Halcyon Cove Sections, 
at the base of Piggots Hill and in the Cedar Valley Quarry, yielded 
thicknesses of 466m, 474m,, 510m and 514m respectively.
Contrary to the assumption made in the diagrams of Frost & Weiss 
(1979) and Theis (1980), stratigraphie thickness is not equivalent to
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original vertical thickness at deposition in sections which include 
slope facies showing a significant element of lateral (accretionary) 
growth (text-figure 10). Although vertical accumulation rate on the 
slope is easily calculated from stratigraphie thickness by trigonometry 
provided sedimentary dips are known, it is not possible to calculate 
from stratigraphie sections through bank slope facies, the contemporary 
rate of sedimentation on the bank top and edge. In cases where both are 
known, the latter often proves to have been at least an order of 
magnitude lower than the former. Even within a bank-top setting, care 
must be taken when calculating vertical deposition rate to ensure that 
the original palaeodepths at the terminae of a low angle section were 
similar. Taking into account these problems as far as possible, the 
original vertical thickness of the Antigua Formation on the bank-top is 
unlikely ever to have exceeded 300m (based on the maximum known 
thickness of bank-top and bank-edge sediments in any section) or 
anywhere to have been less than 110m (the thickness presently exposed as 
near vertical sections in the hills adjacent to the central plain). This 
range is more consistent than that tendered by Theis (1980) with 
palaeotopographic arguments; considerable imputs of terrigenous material 
throughout the thickness of the Formation indicate that a substantial 
proportion of its bank continued to remain emergent. Although the 
subaerial height of modern volcanic islands analogous in size to 
Oligocene Antigua, e.g. St Kitts, is generally over 1000m, the range of 
intrusive material seen in the Antigua Formation is not normally found 
near their summits.
Earle(1923) suggested, on the basis of unpublished borehole 
data, that the Formation thinned eastwards, but did not indicate the 
extent of change. Apparent exposure of the base of the Formation at the 
bottom of the Cedar Valley Quarry, down-dip from, but topographically 
not much below the better known Friars Hill example, lends tenuous 
support to his view. However, true confirmation would require much more 
subsurface data than is presently available. Martin-Kaye (1956) 
summarized the results of several shallow boreholes in the northeast 
part of the Antigua Formation outcrop; all remained entirely within the 
unit, the deepest being 148.2ft (45m). Although Tempany (1914) records 
that a 59ft (18m) deep boring in the Fitches Creek area entered 
non-calcareous strata at a depth of only 52ft (15.85m), this probably 
reflects penetration of the tuffaceous Boon Point Member, rather than 
the Central Plain Group as he believed.
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7.3 Facies Analysis of the Antigua Formation
Sedimentological variation in the Antigua Formation is 
summarized as a facies analysis. The original concept of a depositional 
facies covered all the characteristics of a rock that reflected its 
sedimentary origin. Herein such a unitary facies concept is maintained, 
although, for ease of usage, emphasis in facies diagnosis is laid on 
those characters discernable in the field. Objective subdivision of the 
full range of sedimentary environments in a region is made possible by 
discontinuities in the physical processes of sedimentation and in the 
environmental requirements of living organisms. True sedimentary facies 
should be distinct, although subfacies may show complete intergradation. 
However, the scale and purpose of the study will affect the number of 
facies distinguished and their specificity. Appeals cannot be made to 
any intrinsic criterion resembling the genetic isolation required of 
biological species, resulting in similar problems to those attending the 
use of higher biological nomenclature, A major concern of the author 
being to discern detailed patterns of echinoid palaeoecology, a 
particularly high resolution analysis is presented here.
The first geologist to note pétrographie variation in the 
Antigua Formation appears to have been Earle (1923) who recognized that 
the Hodges Bay Calcareous Sandstones of Spencer (1901a) as a distinctive 
sedimentological variant of this unit rather than a separate and younger 
stratigraphie entity. However, it was only with the work of Frost &
Weiss (1979) and Theis (1980) that modern sedimentological techniques 
were employed in the study of the Antigua Formation, The work of the 
former authors was essentially restricted to the coraliferous units of 
the Formation, That of Theis, although containing much useful 
information (particularly as regards insoluble residues) suffers from an 
incomplete observational base, and includes only rudimentary 
interpretation. He distinguishes, for example, only three major 
lithofacies, "Biomicrite", "Poritid Biomicrite" and "Foraminiferal 
Biomicrite", all of which are actually pelloidal calcarenites or 
calcisiltites in any case.
Ten facies are distinguished herein, several divisible into 
subfacies on the basis of minor variation in energy level, depth, or 
detailed sedimentation mechanism. Of these ANT[A] to ANT[G] were 
characteristic of the bank top and its edge, while ANT[H] to ANT[J]
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occur in bank slope settings. Attempts have been made to characterize as 
fully as possible their original environments of deposition, in order to 
enable accurate comparisons between modern and ancient echinoid 
assemblages.
7,3,1 Facies ANT[A] Topographically Upstanding Ecologie Coralgal Reef
General Diagnosis: Coral framestones and floatstones in which colonies
are predominantly unrotated; original structure showing evidence of 
relief above surrounding areas.
General Description: Composed mainly of head-forming species (Plate 6),
frequently overlying a pioneer community of ramose or encrusting forms. 
Detailed coral palaeontology of selected examples discussed by Frost & 
Weiss (1979),
General Environment: Fully oxidized normal saline marine environment in
upper part of euphotic zone. Domination of visible reefs by 
hemispherical and branching (rather than encrusting) coral morphotypes, 
as well as looseness of frame, indicates wave energy low to moderate 
rather than strong (James, 1979), By analogy to modern Caribbean 
coralgal reefs depths ranging 3-70m, depending on location.
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Subfacies ANT[A1] Low-Moderate Energy Protected Patch Reefs
Description: Small equidimensional framestone buildups without flanking
talus deposits, surrounded by muddy low energy sediments and ramose 
coral thickets (Plate 4, figure 2). No obvious horizontal ecological 
zonation within mature examples, which are dominated throughout by 
hemispherical head-forming species. Framestone matrix typically a 
bioclastic/peloidal grainstone to wackestone dominated by encrusting 
coralline algae. Umbrella effects within matrix and geopetal infills of 
large borings such as Gastrochaenolites within coral heads suggesting 
horizontal bedding at time of deposition.
Palaeontology: Coral fauna typically dominated by massive Porites,
Alveopora, Favites, Montastrea, Agathiphyllia, Diploastrea and 
Antiguastrea. Foraminiferal component of internal sediment 
volumetrically insignificant, dominated by encrusting rotalid 
Carpentaria; miliolid component subsidiary (c. 20%) but diverse, 
dominated by small benthic forms; planktics minor. Angular molluscan 
clasts and isolated ostracod valves locally common. Complete specimens 
of small cowrie Cypraea locally abundant. In addition to various 
bivalves boring fauna including the barnacle Creusia, extending the 
range of this form, which was previously considered to be strictly 
Miocene (Newman & Ladd, 1974). Spines of Phyllacanthus peloria 
frequently abundant, but test remains limited to rare isolated plates. 
Occasional fragments of Irenechinus rosei.
Best Seen: Friars Hill (Bed 5 of Frost & Weiss, 1979), southern end of
Middle Bay, Lavingtons Road Section and Main Quarry.
Associations: Underlain by ANT[B3] or ANT[C]; overlain by ANT[D1] or
ANT[E].
Inferred Environment: Shallow lagoonal patch reefs within SFB 7 of
Wilson (1975). Importance of echinoids indicating normal marine 
salinities, probably 34-37 o/oo (Schopf, 1980), the associations with 
ANT[D1] suggesting the upper end of this range. High coral diversity and 
predominance of massive over phyllose colonies suggesting shallow 
depths. Tops of reefs close to, or above, the level of fairweather wave 
activity, but not extending to such shallow depths that coral diversity 
is severely reduced by tubulence or photoinhibition. Absence of
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horizontal ecological zonation indicative of protection from serious 
storm damage. Best development near base of Antigua Formation possibly 
reflecting incomplete bank-edge barrier at this stage, allowing good 
nutrient and oxygen supply to the bank interior. Presumably as a more 
efficient outer platform barrier developed, corals were supplanted in 
the lagoon by organisms better adapted to low nutrient supplies, such as 
larger benthic foraminifera (Hallock, 1985). Colonial morphology, 
intimate relationships to seagrass meadows of ANT[D1] and paucispecific 
ramose coral thickets of ANT[B3] indicating depth of deposition 3-15m.
Inferred Echinoid Palaeosynecology: Epifaunal species predominating as
a consequence of hard substrate, their large size suggesting a 
noncryptic life style and supporting the sedimentological evidence for 
low wave energy. Extraordinary abundance of Phyllacanthus peloria in 
some patch reefs (such as that at Friars Hill) raising the possibility 
that cidaroid grazing was controlling influence on their size, as in the 
Galapagos at the present day (Glynn et al., 1978; Glynn & Wellington, 
1984). Although an extensive search failed to disclose the echinoid 
grazing trace Gnathichnus pentax (Bromley, 1975), this hypothesis cannot 
yet be entirely dismissed. Even traces of euechinoid grazing are 
typically shallow and difficult to discern in modern Caribbean reefs, 
despite extensive evidence that ubiquitously abundant Diadema antillarum 
are often a control on their development (Sammarco et al., 1974; 
Sammarco, 1982; pers. obs.). The less advanced jaws of cidaroids are 
likely to have had an even weaker rasping action (Kier, 1974), leaving 
traces unlikely to be distinguishable in the heavily weathered sections 
available. The rarity of test material, either in this facies or its 
lower energy neighbours, is highlighted by the abundance of isolated 
spines. This discrepancy probably reflects the tendency for echinoids to 
lose their spines within a very short time of death, a process that may 
have been enhanced in heavy spined forms such a Phyllacanthus. Even in 
cidaroids, test suturing is much more resistant to bacterial attack, 
allowing the relatively light spine-free tests to be washed out of 
higher energy life habitats like reefs.
Comparisons with Other Successions: Sedimentologically analogous to the
contemporaneous Mosta Bed patch reefs within the Attard Member of the 
LCLF on Malta; surprisingly Challis (1980) does not record any echinoid 
fauna associted with these buildups.
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Subfacies ANT[A2] Moderate-High Energy Exposed Reefs
Description: Extensive coralgal buildups flanked by reef debris aprons
and bioclastic grainstones (Plate 4, figure 1). Buildup size uncertain, 
clearly exceeding 50m MD in best exposed examples; geometry also 
uncertain, but definite lateral zonation in colonial morphology of 
corals from encrusting and massive head-forming to densely ramose. 
Framestone matrix bioclastic packstone or grainstone. Local bindstone 
development on reef associated biostromes.
Palaeontology: Coral fauna essentially as ANT[A1] but Faviids more
important relative to Porites and Alveopora. Occasional spines and 
plates of Phyllacanthus peloria in interhead sediments, but abundance 
never approaches that seen in ANT[A1] or ANT[A3]. Fragmentary 
Antillaster vaughani.
Best Seen: Soldier Point, top of Tyrells Quarry, top of Hope Mill
Quarry, top of Long Lane Quarry, top of Navy Base Quarry.
Associations: Overlying ANT[B2], ANT[G] or ANT[H1]. Laterally 
equivalent to ANT[G]. Overlain by ANT[G] or ANT[H].
Inferred Environment: Exposed bank-margin fringing reefs within SFB 5
of Wilson (1975). Importance of echinoids and corals indicating fully 
oxidized normal saline warm marine conditions. Predominance of 
hemispherical over encrusting or phyllose coral morphologies indicating 
shallow reef subject to moderate wave activity (James, 1979), as does 
winnowing of bottom sediment. Greater size and lateral ecological 
zonation also indicative of more exposed setting than ANT[A1]. Lesser 
importance of poritids compared to ANT[A1] probably reflecting lower 
sedimentation stress as a consequence of increased bottom turbulence; 
faviids are digestively dominant over poritids, but less able to contend 
with fine sediment deposition over their colonies (Frost, 1977b). 
Successional development from phyllose coral facies ANT[B2] suggesting 
reef initiation often in deeper water than for ANT[A1]. Inferred depth 
of deposition mainly in the range 5-15m at maturity, with bindstone 
lithologies perhaps as shallow as Im.
Inferred Echinoid Palaeosynecology: Echinoid fauna entirely epibenthic.
Phyllacanthus peloria predominant, but much rarer than in ANT[A1] or
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ANT[A3], perhaps reflecting a preference for lower energy environments. 
Being edentate, the large epibenthic spatangoid Antillaster vaughani 
presumably grazed on fine interhead debris.
Comparisons with Other Successions: Apparently lacking an equivalent in 
the exposed Maltese or Cyrenaican mid-Cenozoic successions, where the 
shelf edges appear instead to be dominated by calcarenite shoals. 
Analogous to ANG[A1] of the Anguilla Formation.
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Subfacies ANT[A3] Deepwater Hermatypic Coral Patch Reefs
Description: Small low-relief coralgal buildups surrounded by fine,
low-energy, open marine sediments rich in planktic foraminifera. 
Typically ovoidal and about 10m by 6m with an original relief of about 
0.5m (Plate 5; text-figure 11). Often composed largely of physically 
immature autochthonous debris and partially flanked by aprons of 
lepidocycline rudstone up to 2.5m wide. In well-exposed examples on 
Giana Island long axes of buildups trending c_^  350* absolute, with 
maximum development of lepidocycline aprons on their northern and 
northeastern flanks.
Palaeontology: Coral fauna dominated by Porites debris, Montastrea and
Antiguastrea. Mollusc fauna chacterized by large oysters, echinoid fauna 
by Phyllacanthus peloria. Asymmetrically flanked to the north by narrow 
Lepidocyclina (Eulepidina) banks with Prionocidaris spinidentatus, 
Clypeaster oxybaphon and rare Antillaster vaughani, the latter 
apparently as particularly high specimens, generally complete but 
lightly serpulid-encrusted. Schizaster munozi particularly abundant in 
ANT[H3] to the southwest of these small reefs (see 7.3.8, ANT[H3], and 
also text-figure 11).
Best seen: Byham Point on Giana Island, foreshore at back of Little
Cove (equivalent to Little Cove patch reef of Frost & Weiss, 1979).
Associations: Underlain by, laterally equivalent to and overlain by
ANT[H].
Inferred Environment: Deepwater reefs on outer platform or upper bank
slope. Echinoid fauna indicating fully oxidized normal marine 
salinities. Coral fauna hermatypic suggesting tropical bottom well 
within euphotic zone, most hermatypic coral growth in modern Caribbean 
reefs occurring above 70m. However, low buildup relief, in combination 
with looseness of framework and rarity of coralline algae, indicating 
relatively deepwater. Reiss & Hottinger (1984) state that predominance 
of rotaliids over miliolids, as in the lepidocycline banks associated 
with this facies, typify depths over 50m. At least in some examples 
buildup elongation and asymmetric occurrence of fine debris apron, but 
little reworking of reef of perireefal sediments (see ANT[H4]), indicate 
bottom just above the absolute limit of storm wave activity. Pattern of
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infauna preservation suggesting wave source to the northeast. 
Wave-generated bottom currents purely oscillatory and very weak, since 
material not thrown over the reef, and even such low buildups were able 
to protect the area behind them. Inferred depth of deposition 50-100m, 
mainly in the upper part of this range.
Inferred Echinoid Palaeosynecology: On reef itself and flanking
lepidocycline rudstones known echinoid faunas resembling those of 
ANT[A1] and ANG[F1] respectively. The occurrence of exceptionally large 
populations of Schizaster munozi in life orientation to the southwest of 
buildups suggesting an environment particularly suitable for the 
existence, or at least the preservation, of the species in this habitat. 
Possible controls may have included more extensive accumulation of fine 
organic debris and greater freedom from reworking in this slightly more 
protected setting
Comparisons with Other Successions: Apparently lacking precise
equivalents in either the Anguillan or Mediterranean successions, where 
reef development is confined to shallower settings.
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7.3.2 Facies ANT[B] Fragile Coral Bindstones, Floatstones,
Bafflestones and Rudstones
General Diagnosis: Sediments dominated faunally by mechanically weak
ramose or laminar corals, either as colonies in life position or 
mechanically immature parautochthonous debris.
General Description: Bedding tabular or gently lensoidal; coral clasts
and bindstone crusts showing no evidence of significant transport.
General Environment: Fully oxidized normal saline warm shallow marine
environment within upper part of euphotic zone but close to or below 
fairweather wave base and subject to reworking only by unusually violent 
storms, if at all.
- 61 -
Subfacies ANT[B1] Phyllose Coral Floatstones
Description: Phyllose coral floatstones. Corals preserved as fine
comb-like sections in sparry cement, orientated parallel to bedding, but 
fragmentary and frequently with calices opening downwards (Plate 7, 
figure 2).
Palaeontology: Coral fauna dominated by Fungophyllia.
Best Seen: Base of Navy Base Quarry, base of Long Lane Quarry.
Associations: Overlying ANT[D2]; typically overlain by ANT[A2], rarely
by ANT[B2].
Inferred Environment: Deposition below storm wave base at light levels
close to, or slightly below, the limits of coralline algae and 
scleractinian corals. Inferred depths of deposition in the range 30-80m.
Inferred Echinoid Palaeosynecology: No known echinoid fauna. Sparse
epibenthic echinoid community resembling that of ANT[D2] to be expected.
Comparisons with Other Successions: Analogous to the Agaricia-dominated
deep "reef front" environments in the present day Caribbean sensu James 
(1983).No Maltese or Anguillan analogues known.
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Subfacies ANT[B2] Laminar Coral Bindstones
Description: Bindstones comprising thin sheets of encrusting coral
separating thin layers and pods of bioclastic wackestone or pelletai 
packstone in units seen 1-1.5m thick (Plate 7, figure 1).
Palaeontology: Coral fauna dominated by Montipora with subsidiary
Fungophyllia, both in life position; discussed in detail by Frost &
Weiss (1979). Fragmentary large lepidocyclines and sometimes laminar 
encrustations of Lithophyllum are often an important subsidiary 
component.
Best Seen: Hope Mill Quarry (equivalent to lower part of
"Slaughterhouse Quarry" patch reef of Frost & Weiss, 1979), northern end 
of Halcyon Cove.
Associations: Overlying ANT[B1] or ANT[D]; overlain by ANT[B], ANT[C],
ANT[D1], ANT[A1] or ANT[A2].
Inferred Environment: Low bottom turbulence indicated by muddy matrix,
fragility of laminar encrustations and absence even of loose platey 
rhodolites (See Bosence, 1983a, 1983b). Fragmentary nature of some 
lepidocylines suggesting it, or a nearby environment could be effected 
by bad storms. In the absence of turbulence laminar colony form of 
corals indicating low light levels, and possibly also low bearing 
capacity of matrix, conclusions supported by the fragility of the 
skeleton. Lithophyllum is typically a rather shallow water genus in the 
modern Caribbean, though reaching its maximum abundance at depths over 
20m in the Pacific (Adey, 1979). Modern analogues of the facies appear 
to be unknown, but intercalation between ANT[B1] and ANT[A2] suggesting 
depth of deposition 20-50m in bank marginal environments, shallowing to 
10m or less where associated with ANT[D1] inshore.
Inferred Echinoid Palaeosynecology: No known echinoid fauna. Only jawed
epibenthic forms to be expected.
Comparisons with Other Successions: Equivalent to ANG[A2] of the
Anguilla Formation. Apparent absence of Maltese or Cyrenaican analogues 
probably an artefact of coarser scale observations.
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Subfacies ANT[B3] Mechanically Immature, Paucispecific, Ramose
Coral Rudstones, Floatstones and Bafflestones.
Description: Tabular to lensoidal, thin to very thick beds of
mechanically immature, monospecific or paucispecific, ramose coral 
rudstones and floatstones (Plate 8). Colonies sometimes preserved in 
life position within bafflestones with pelletai mudstone or wackestone 
matrix, particularly near bases of beds (Plate 7, figure 3). Beds 
typically occurring singly.
Palaeontology: Low diversity coral fauna dominated by a few species of
Porites and Goniopora. Occasional moulds of the gastropod Antigona cf. 
caesarina and rare fragmentary Irenechinus rosei. Massive corals often 
developed atop beds.
Best Seen: Friars Hill (e.g. Bed 4 of Frost & Weiss, 1979), base of
Piggots Quarry, Lavingtons Main Quarry.
Associations: Overlying ANT[C] or ANT[D1]; overlain by ANT[C] or
ANT[A1].
Inferred Environment: Originally ramose coral thickets in an area
typically protected from heavy wave reworking; ascribable to SFB 7 of 
Wilson (1975). Low specific diversity and in situ storm-demolition 
suggest a back-barrier environment at depths less than 15m (Huston, 
1985). Compared to the Anguilla Formation (see Chapter III, 7.3.5,
Facies ANG[E]), laterally extensive thickets seem to have been rare, and 
it is not possible to make reliable estimate of storm frequency. Such 
thickets as did occur were typically reworked to produce facies ANT[C], 
suggesting a bank margin energy barrier less effective at damping storm 
waves. Preservation, particularly of bafflestones, largely in the 
vicinity of patch reefs, and especially on their south/east sides (see 
Plate 4, figure 2; Frost & Weiss, 1979, figure 7). This location 
presumably reflected protection from storm activity, indicating, like 
the geometry of deepwater patch reefs discussed above, that the major 
storm wave originated from the northeast quarter, as is the case for 
Antiguan Atlantic-facing reefs at the present day. In such cases, 
geometric association with reef suggests depth of deposition between 5m 
and 10m. Dominance of poritids over Acropora may reflect their greater 
sediment-removing ability. Rarity of ramose coral thickets in lagoonal
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facies above the basal Antigua Formation correlated with increasing 
lagoon depth and probably reflecting low nutrient availability after 
development of a bank-edge barrier.
Inferred Echinoid Palaeosynecology: Although the few Irenechinus
obtained from this facies were poorly preserved it seems likely that 
they originally lived within the coral thicket rather than at the 
surface of the biostrome formed by its destruction.
Comparisons with Other Successions: Equivalent to facies ANG[E] of the
Anguilla Formation.
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7.3.3 Facies ANT[C] Lensoidally Bedded, Mechanically Sorted,
Coral Rudstones
Diagnosis: Units composed of medium to thick, tabular or lensoidal beds
of rudaceous bioclasts, principally corals with occasional rhodolites; 
clasts mechanically sorted, abraded and rounded, often bored or 
encrusted.
Description: Beds may be isolated but typically repeated. Rudaceous
clasts frequently encrusted on all surfaces, poorly orientated 
statistically parallel to bed boundaries (Plate 9, figure 1). Mudstone 
to grainstone matrix. Knobbly true rhodolites and superficial rhodolites 
occurring throughout; localized coralline algal boundstones on upper 
surfaces of some beds.
Palaeontology: Taxonomic diversity of corals moderate to low; typically
dominated by ramose Porites with subsidiary Acropora, but sometimes 
including rotated massive poritid colonies. Extensive encrusting fauna 
dominated by coralline algae and bryozoans with subsidiary corals and 
oyster spat. No known echinoid fauna within beds themselves but 
occasional fragments of Antillaster vaughani sometimes associated with 
their upper surfaces (Plate 9, figure 2).
Best Seen: Eastern end of Middle Bay, Piggots Quarry, Willoughby Bay.
Associations: Overlying ANT[B] or ANT[D]; overlain by ANT[D], ANT [B]
or ANT[A].
Inferred Environment: Coral biostromes comprising loose material
intermittently washed together by storm activity within SFB 7 of Wilson 
(1975). Predominance of corals and occurrence of echinoids indicative of 
normal marine salinities both before and after deposition. High abrasion 
and rounding of coral clasts, occurrence of rhodolites, good sorting and 
lack of grading indicative of bedload transport. Scouring and reworking 
of such coarse debris, but lack of clast imbrication or cross-bedding, 
suggest strong oscillatory wave-generated bottom currents. Local 
bindstone development on upper surface of some beds indicating 
intermittent stabilization. In some cases infiltrated muddy matrix 
suggesting formation below fairweather wave base, typically 10-15m on 
the Atlantic shelf today (Walker, 1979, p.81). Inferred depth of
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deposition 5-20m.
Inferred Echinoid Palaeosynecology: Echinoid fauna restricted to
occasional Antillaster vaughani on the tops of beds overlain by lower 
energy facies. With a large heavy test, aborally domed, adorally flat, 
they appear to have been well adapted to an epibenthic mode of life in a 
slightly turbulent environment (See Chapter V). Lacking jaws, they 
presumably fed on finer debris at the top of the biostrome during 
fairweather intervals but were washed away or smashed during the periods 
of storm accumulation themselves.
Comparisons with Other Successions: Anguilla Formation analogues 
restricted to bank-edge reef channel facies, probably because the 
back-reef area was better protected in this unit. No precisely 
equivalent strata recorded from the Maltese or Cyrenaican successions.
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7.3.4 Faciès ANT[D] Poorly Sorted, Part Pelletai Packstones,
Wackestones and Grumuleuse Mudstones
General Diagnosis: Pelletai and mixed bioclastic/pelletal packstones
and wackestones, typically including whole, autochthonous, and matrix 
-supported macrofossils characteristic of the euphotic zone.
General Description: Macrofossils often complete, but freqently
encrusted and bored. Pellets soft at time of deposition and generally 
distorted by compaction to give hydrodynamically coarser sediments a 
wackestone or mudstone appearance. Original nature indicated by 
"grumuleuse" texture and occasionally by sedimentary structures such as 
cross-bedding. Bioclasts normally angular and often with ragged outline, 
No evidence of orignial deposition on a slope.
General Environment: Low energy sediment accumulation within the
euphotic zone but below level of fairweather wave reworking in a 
protected lagoonal setting. Ragged bioclast outlines are typical of 
biological breakdown under quiet conditions (Ekdale et al., 1984). 
According to Milliman (1973) lagoon depth rarely exceeds 15m in modern 
Caribbean reefs, but may reach over 50m in those of the Indo-West 
Pacific. Personal observation suggests his Caribbean figure is actually 
an underestimate for the present day Lesser Antilles, which have a more 
exposed oceanic setting than other Caribbean reefs (see Appendix E). A 
similar or even greater discrepancy seems likely to have existed in the 
past. It is reasonably to assume, however, that lagoon depth on the 
Barbuda Bank rarely (if ever) exceeded the deeper Pacific norm.
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Subfacies ANT[D1] Coral/Oyster Debris Floatstones in Pelletai Packstone
or Wackestone Matrix
Description; Floatstones and pelletai or bioclastic/pelletal 
packstones/wackestones in which rudaceous component poorly sorted and 
little rounded, but heavily bored and encrusted (Plate 10, 11).
Rudaceous material including coral, bivalve and Lepidocyclina 
(Eulepidina) debris with loose knobbly rhodoliths of coralline algae, 
sometimes isolated and disorientated, sometimes concentrated as thin 
discontinuous lags. Muddy poorly-sorted lithologies rich in complete 
foraminiferal tests but with few lag horizons well seen in the Friar's 
Hill roadcut. Improved sorting, fragmentation of microfauna and more 
abundant lag horizons characterizing the Halcyon Cove exposures. 
Apparently these represent extreme states in continuum and are not 
formally distinguished herein.
Palaeontology; Coral material dominated by fragmentary ramose Porites, 
with Caulastrea locally abundant as toppled, but complete unabraded and 
clearly autochthonous colonies (Plate 10, figure 1). Large oysters 
sometimes common, heavily bored by Entobia, but often complete (Plate 
10, figure 2). Abundant encrusting organisms floating free in matrix 
include serpulids, laminar coralline algae and the large rotalid 
foraminiferan Carpentaria (Plate 11). Occasional isolated spines of 
Phyllacanthus peloria.
Best Seen: Friars Hill (Beds 6 & 7 of Frost & Weiss, 1979), Halcyon
Cove.
Associations: Overlying and overlain by ANT[A1], ANT[B] and ANT[E].
Inferred Environment: Slow continuous sedimentation in a shallow
low-energy marine environment protected from reworking; probably a 
seagrass meadow within the proximal part of SFB 7 in the nomenclature of 
Wilson (1975). Whole macrofossil preservation and muddy matrix 
indicative of low energy bottom conditions. The conical large-polyped 
coral Caulastrea should have been particularly resistant to fine 
sediment clogging. Its abundance as well-preserved autochthonous calices 
suggesting deposition under low energy conditions in upper photic zone, 
as does association with patch reefs of ANT[A1] and ramose coral 
thickets represented by ANT[B3] and ANT[C]. Authochonous oysters
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(entirely incapable of burrowing), extensive boring and encrustation 
suggesting long periods of little sedimentation (Ekdale et al., 1984). 
Generally poor sorting of pellets indicating formation in situ with 
negligible subsequent reworking. In this context importance of lime mud 
suggesting abundance of non-skeletal algae. Occurrence of coralline 
algal encrusted sediment lumps and rarity of echinoids suggesting 
conditions may have been slightly hypersaline, methaline in the sense of 
Murray (1973) and Chaproniere (1975). Limited early lithification 
supporting fossil evidence that sedimentation was more or less 
continuous.
On the basis of coral morphotypes. Frost & Weiss (1979) 
suggested deposition of such sediments in a seagrass bank. While the 
characteristic epiphytes of modern seagrass beds are absent, the 
abundance of small miliolids and apparently unattached Carpentaria would 
be consistent with such an origin, as would the sediment's muddy nature. 
Indeed modern encrusting rotalids resembling Carpentaria in wall 
structure, e.g. Homotrema, suffer photoinhibition in shallow water 
habitats, where they are almost invariably cryptic (Haynes, 1981; Reiss 
& Hottinger, 1984). At the present day the only tropical shallow-marine 
organisms that inhabit soft sediments and cast strong shade but leave no 
skeletal trace are the seagrasses. Locally improved sorting, 
fragmentation of encrusting fauna and formation of lag horizons in beds 
ascribable to ANT[E1] associated with washouts sensu Wanless (1981), the 
frequency of these clearly being much greater in the Halcyon Cove 
exposures than at Friars Hill, suggesting greater proximity of the 
latter to the bank margin. Inclusion of minor well-rounded to angular 
quartz and association with low angle cross-bedded allochemic 
feldspathic sands of ANT[E2] suggesting proximity to shoreline. By 
analogy with modern seagrass meadows, which rarely extend below 12m and 
typify shallower bottoms (Chaproniere, 1975; Appendix E), depth of 
deposition probably in the range 1-lOm.
Inferred Echinoid Palaeosynecology: Apparently no indigenous echinoid
fauna preserved. Absence of burrowing infauna explicable by inhibiting 
effect of a seagrass rhizome mat, but absence of epibenthos more 
interesting. Occasional Phyllacanthus spines recorded were clearly 
reworked from adjacent reefal environments and do not enter discussion. 
Present day regular echinoids associated with seagrass beds typically 
washed away after death so their absence not unexpected. The absence of
- 70 -
the robust, easily preserved, genus Clypeaster is more interesting. 
Clypeaster julii was definitely epibenthic but apparently restricted to 
life on lepidocycline flats. Since it possesses more of the structural 
attributes of the modern seagrass-dweller C_j_ rosaceus than does the 
letter's immediate ancestor C. concavus (see Chapter V and Poddubiuk, 
1985), its absence from this facies was presumably related either to 
inadequate salinity tolerance or to digestive characteristics.
Comparison with Other Successions: Sedimentologically equivalent to
facies ANC[B] of the Anguilla Formation, and to parts of the Maglak 
Member of the LCLF of Malta. As far as echinoid palaeoecology was 
concerned the latter seems to provide the closer analogue, similarly 
lacking a specialized echinoid epifauna, while the former is 
characterized by the distinctive cassiduloid Echinolampas semiorbis.
- 71 -
Subfacies ANT[D2] Whole Lepidocycline Floatstones with Pelletai
Grainstone/Packstone Matrix
Description: Orbitoid floatstones with a fine pelletai grainstone or
packstone matrix (Plates 12, 13). Orbitoids orientated parallel to bed 
boundaries and generally entire. Clasts often coralline algal encrusted. 
Often with well-developed swollen-noded Y-branched subhorizontal burrow 
networks (probably Thalassinoides) and long sinuous unbranched 
Planolites or Palaeophycus (see Pemberton & Frey, 1982, for discussion 
of the difficulties in distinguishing these ichnogenera). Burrows not 
cross-cutting, infills often lepidocycline-free, height 65% width;
BI 3.
Palaeontology: Fauna dominated by large thinly discoidal Lepidocyclina.
Individual species identifications not attempted during this work, since 
they would require orientated thin sections and a thorough taxonomic 
revision. Echinoid fauna dominated by spines and tests of Prionocidaris 
spinidentatus (those of individual animals occasionally remaining 
associated) and tests of Clypeaster batheri, with occasional Clypeaster 
julii, and very rare Antillaster vaughani. Both the Clypeaster species 
are often preserved as swamped material.
Best Seen: Langford Bay; below High Point; Long Island.
Associations: Overlying ANT[B] or ANT[D]; overlain by ANT[B1], ANT[B2] 
or ANT[F]].
Inferred Environment: Deep lagoonal, within SFB 7 of Wilson (1975).
Fine-grained matrix, occasional spine/test association in regulars and 
the absence of graded beds, cyclic sedimentation or slumping suggestive 
of deposition on a level bottom near or below local storm wave base. 
Level bottom, relative unimportance of planktic foraminifera and 
intercalation between seagrass meadows and exposed reefs place the 
facies in a bank-top lagoonal setting. Larger foraminifera such as 
Lepidocyclina generally considered to be algal-symbiotic and restricted 
to the euphotic zone, with an ecological advantage in nutrient-poor 
environments (Hallock, 1985). Middle euphotic zone position indicated by 
moderately thick discoidal test form (Hallock, 1979) and significant 
coralline algal encrustation but the absence of seagrasses. Micritic 
element of sediment apparently autochthonous indicating importance of
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non-skeletal algae and confirming moderate light levels. Replacement of 
coraliferous by noncoraliferous lagoonal facies above base of Antigua 
Formation possibly reflecting nutritional degeneration of bank interior 
increasingly isolated from open ocean by development of barrier at bank 
margin. That replacement of corals by orbitoids purely reflects depth 
increases seems unlikely; ecological dominance of orbitoids clearly 
extended to fairweather wave base in ANT[F]. On physiological criteria 
depth of deposition certainly in the range 10-80m; analogy with modern 
muddy lagoons, like the algal flats environment on the northern Anguilla 
Bank (Appendix E) and the deeper atoll lagoons of the Indo-Pacific, 
suggests actual depth range probably 15-50m. Burrow characteristics 
indicate deposition as a softground. Assuming originally circular burrow 
cross-sections subsequent compaction seems to have been about 35%, and 
may have been partly responsible for the present bedding-parallel 
orientation of lepidocycline tests.
Inferred Echinoid Palaeosynecology: Single most characteristic echinoid
species, Prionocidaris spinidentatus, an autochthonous epibenthic form 
with distinctive irregularly-thorned primary spines. Similar spine 
ornament in living cidaroid species thought to act as a form of 
camouflage, breaking up the outline of the echinoid (Fell, 1966). As 
such it would have proved most useful on extensive level bottoms where 
natural cover was absent. Other elements of echinoid fauna, Antillaster 
vaughani, Clypeaster julii and Clypeaster batheri probably also 
epibenthic, although latter probably a facultative burrower where 
substate less intractable. Antillaster vaughani is considerably rarer 
than in ANT[F], presumably because it could not cope with the unbroken 
lepidocycline tests of lower energy environments. Clypeaster julii is 
proportionately more important; its great size, deeply sunken adorai 
concavity and miniscule periproct suggest an ability to manipulate large 
particles for very fine comminution. General absence of specialized 
active burrowers probably refects mechanical and physiological 
difficulties of burrowing through a muddy substrate containing a dense 
obstacle course of lepidocycline tests.
Comparison with Other Successions: Apparently no post-Aquitanian
equivalents of this subfacies are known, its dominant faunal element 
suffering restriction to deeper water facies and finally extinction 
during the Burdigalian. The absence of an equivalent facies in the LCLF 
of Malta presumably reflects shallowness and openness of the Maltese
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Platform, which seemingly provided conditions more consistent with 
seagrass meadow and patch reef development. Similar facies occurring in 
the Upper Oligocene Juana Diaz Formation of Puerto Rico were interpreted 
by Frost et al. (1983) as deep forereef deposits forming at depths below 
30m; an interpretation inaccurate for the Antiguan examples because of 
association with shallow patch reefs and evidence for a significant 
barrier to seaward.
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7.3.5 Faciès ANT[E] Coarse Well-sorted Shallow-water Arenites
General Diagnosis and Description: Thin to thick tabular beds of
medium-coarse bioclastic, pelletai or sandy arenites, sometimes 
including fine rudaceous material; bioclasts predominantly very well 
rounded, intensely microbored.
General Environment: Shallow water sands subject to a moderate or high
degree of reworking, typically above fairweather wave base.
Subfacies ANT[E1] Bioclastic/Pellet Grainstones with Small Miliolid
and Peneroplid Foraminiferal Fauna
Description: Thin to medium tabular beds of coarse bioclastic/pelletal
grainstone, dominated by coralline algal/foraminiferal or 
mollusc/poritid fragments (Plate 14, figure 2). Molluscan and echinoderm 
clasts well-sorted and rounded to very well rounded, often extensively 
microbored perpendicular to their margins with microborings truncated; 
sometimes superficially or completely micritized. Coarse shelly material 
sometimes orientated parallel to bedding in well-demarcated basal part 
of bed. Sometimes containing subsidiary peloidal material where 
juxtaposed with peloidal facies; such variants suffering considerable 
early compaction, leading to the breakage of mioliolid tests and loosely 
constructed rhodolites.
Palaeontology: Bioclastic debris dominated by coralline algae and
miliolid foraminifera, or poritid corals and very well rounded molluscan 
and echinoderm clasts, the two latter heavily surface microbored. 
Coralline algal material including loose mat fragments, small rhodoliths 
(often encrusting sediment) and articulating forms. Foraminiferal fauna 
subequally rotahid and miliolid; miliolid fauna taxonomically diverse, 
including large soritids probably ascribable to Peneroplis (Adams, C.G., 
1986, pers. com.); rotalid fauna represented almost entirely by 
encrusting Carpentaria; planktic component very small, less than 5% of 
fauna; textularids absent. Occasional isolated spines of Phyllacanthus 
peloria.
Best Seen: Halcyon Roadcut, Middle Bay, Prickle Pear Island.
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Associations: Overlying and overlain by ANT[A1], ANT[A2] or ANT[D1]
Inferred Environment: Shallow moderately turbulent sandy bottom
occurring near reef crests and in shallow exposed lagoonal settings, 
particularly washouts in seagrass banks. Tempestite sedimentation 
locally indicated by concentration of rudstone debris in lower parts of 
some beds. Importance of miliolid foraminifera suggesting shallow depths 
at which their granular wall structure is an advantageous sunfilter 
(Murray, 1973). Peneroplis was considered by Reiss & Hottinger (1984) to 
be typical of the shallowest benthic macroforaminiferal habitats, in 
water less than 20m deep, though the bathymetric range of different 
species is strongly dependent on the details of their algal symbionts. 
This depth estimate supported by the abundance of loose Carpentaria 
which were presumably derived from nearby seagrass substrates at depths 
under 10m, and the pattern/intensity of microboring, which typically 
decreases in severity and becomes parallel to clast boundaries at depth 
(Mullins et al., 1981). Ekdale et al. (1984, p.204) associated truncated 
microborings such as those seen in this facies with moderately turbulent 
settings such as reef crests and low energy beach environments. Although 
rarity of planktic rotaliids, importance of molluscs and absence of 
infaunal echinoderms are often taken to suggest restricted inshore 
conditions, reef associations and importance of coral, coralline algal 
and Amphistegina debris indicate the proximity of normal marine 
salinities. Absence of mud indicating the sediment-water interface 
frequently above fairweather wave base and not deposited as a 
bafflestone; loose rhodoliths and truncation of microborings in rounded 
grains suggesting surface sediment itself sometimes mobile. Depth of 
deposition probably less than 5m in inshore examples, perhaps as great 
as 10m on reef crests nearer bank edge.
Inferred Echinoid Palaeosynecology: Apparently no indigenous echinoid 
fauna. Isolated cidaroid spines probably derived from a nearby patch 
reef. Taken in conjunction with the other environmental evidence, the 
absence of infaunal echinoids in such well-sorted and presumably food 
rich sediments suggests somewhat abnormal, probably elevated, 
salinities, with which the physiology of potential echinoid colonists 
was unable to cope.
Comparison with Other Successions: Equivalent to environments 3 and 9
on the modern bank transect off Anguilla described in Appendix E.
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Subfacies ANT[E2] Well-sorted, Low Angle Cross-laminated Allochemic 
Sandstone
Description: Medium to thick tabular beds of planar or low angle
cross-laminated allochemic sandstones and sandy allochem limestones 
sensu Mount (1985) (Plate 14, figure 1). Bases of units undulose, 
apparently overlying hardground. Noncarbonate component very well-sorted 
medium to coarse sand, dominated by subangular low sphericity quartz and 
feldspar grains with subsidiary rounded volcanic epilithoclasts. 
Carbonate allochem component dominated by coralline algal, echinoderm 
and rotalid fragments, the first two heavily microbored.
Palaeontology: No demonstrably indigenous biota.
Best Seen: Halcyon Cove, Willoughby Bay.
Associations: Overlying and overlain by ANT[B1], ANT[D1] or ANT[E1].
Inferred Environment: Waveswept shoreface or shallow marine shoal; the
predominantly noncarbonate equivalent of ANT[E1]. Associations, undulose 
base of some beds and intensity of microboring suggestive of very 
shallow water environment. Absence of burrowing and low angle planar 
cross-lamination suggesting high energy shoreface environment. In this 
context relatively low sphericity and rounding of siliceous sand 
suggesting relatively short lifetime.
Comparisons with Other Successions: No known Anguillan, Maltese or
Cyrenaican equivalents, presumably because exposed strata in these units 
were deposited far from a shoreline.
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7,3.6 Facies ANT[F] Coralline Algal/Thick Lepidocycline Rudstone or
Floatstone with Coarse Calcarenite Matrix
Ceneral Diagnosis: Rudstones and floatstones dominated by encrusting
coralline algae, very large thick discoidal Lepidocyclina (e.g. 
Lepidocycyclina (Eulepidina) undosa, Lepidocyclina gigas) and 
Heterostegina, either as complete individuals or coarse fragments; 
matrix normally a coarse sand to granule grade well-sorted grainstone or 
packstone.
Ceneral Description: Typically grey or white when fresh; lacking
included argillaceous material, but sometimes including rare isolated 
epilithoclasts; showing extensive development of stylolites which 
obscure most primary sedimentary structures.
Ceneral Environment: Shallow euhaline marine shelf within euphotic
zone, above storm wave base and sometimes subject to light wave activity 
during fairweather intervals. Deposition under shallower, higher-energy 
conditions than those of ANT[D2] also suggested by thicker and heavier 
lepidocyclines in this facies, following the arguments of Hallock (1979) 
and Reiss & Hottinger (1984). Assuming growth rates similar to those of 
Recent discoidal Nummulitaceans (15mm diameter in 2 years quoted by 
Haynes, 1981), the typical size of the original lepidocycline tests, 
60-100mm diameter, indicates seriously disruptive bottom currents no 
more than once every 8 years, and probably much less frequently. This is 
consistent with other evidence for particularly high energy storm events 
having much the same frequency as present day hurricanes in the region.
Ceneral Comparison with Other Successions: Algal/lepidocycline
rudstones are widespread and common in the Upper Oligocene of the 
neotropics (pers. obs. on matrix of wide-ranging museum material). They 
are also important in the Old World, for example the classic Rupelian of 
northern Italy, in the Uppermost Oligocene of Cyrenaica (Rose, 1966) and 
in the Aquitanian of southeast France (Negretti, 1984). Their apparent 
absence in the LCLF of the Maltese archipelago (Bennett, 1980; Challis, 
1980) may reflect absence of a suitable depth range for their 
deposition, at least in exposed sections.
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Subfacies ANT[F1] Lepidocylinid/Heterosteginid Rudstone
Description: Rudstone composed predominantly of large Lepidocyclina
tests reaching 100mm in diameter (Plates 15-17). Forming thin low relief 
patches which have in the past been described as reefs and supported a 
variety of sessile and sedentary epifauna. Frequent knobbly ovoidal 
rhodoliths upto 40mm MD as well as local coralline algal boundstones and 
occasional small ramose colonies and branch fragments. 
Pelletal/bioclastic grainstone or packstone matrix sometimes up to 
granule grade, with muddy material of latter often displaying clear 
infiltration fabrics.
Palaeontology: Dominated by Lepidocyclina undosa and L. gigas with
subsidiary Heterostegina antillea and the coralline algae Mesophyllum 
and Archaeolithothamnium. Large Lepidocyclina tests typically forming 
the bulk of rudstone are generally broken at least marginally and often 
heavily Entobia-bored, although superficially complete specimens do 
occur. Associated Heterostegina almost invariably complete. No corals 
but large oysters and the sedentary gastropod Orthaulax locally common. 
Pectinids common, mainly as battered, isolated, valves. Echinoid fauna 
dominated by spines of Prionocidaris spinidentatus, with subsidiary 
tests of Clypeaster batheri, Antillaster vaughani (often fragmentary) 
and very rare Clypeaster julii.
Best Seen: Beggars Point, High Point.
Associations: Typically overlying ANT[F2] or ANT[H2], very rarely
ANT[D2]; typically overlain by ANT[F2] or ANT[H2]. Thin algal-poor 
variant occurring very locally within ANT[H3] in association with 
deepwater patch reefs of ANT[A3] (see text-figure 11).
Inferred Environment: Normally stable bottom within middle euphotic
zone in exposed fore-barrier or bank margin setting subject to 
occasional wave generated bottom turbulence with major disruptions every 
10-100 years. Absence of corals, discoidal lepidocycline morphology and 
relationship to ANT[H2] indicating deposition below upper third of the 
euphotic zone. Absence of true encrusting framework and occurrence of 
non-tenacious echinoids indicating low bottom turbulence. Insignificance 
of mud grade material, aside from infiltrated internal sediment 
indicative of low energy winnowing between major storm events, possibly
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combined with the absence at depth of autochthonous algal sources such 
as Penicillus, and normal confinement of lagoonal material behind a 
bank-edge barrier. Disarticulation of pectinids, rolling of rhodoliths 
and minor breakage of lepidocyclines suggesting location just above 
storm wave base, approximately 60m in the most exposed Caribbean 
settings at the present day. Coarseness and good sorting of matrix 
probably a consequence of rare high energy events rather than normal 
conditions at site of deposition. Reiss & Hottinger (1984) found 
Heterostegina to be a hard substrate dweller entirely absent at depths 
less than 20m in the Gulf of Aqaba and characteristic of depths between 
40m and 80m, becoming dominant rather than subsidiary at the lower end 
of this range. Other evidence that we are not at the lower end of the 
genus’ depth range comes from test form, the relatively thick 
Heterostegina antillea seen in this facies more closely resmbling the 
form of 11^  depressa at 40m than at 70m, as illustrated by Reiss & 
Hottinger (1984). Inferred depth of deposition of 40-60m.
Inferred Echinoid Palaeosynecology: Epibenthic Prionocidaris
spinidentatus and Antillaster vaughani remaining common as in ANT[D2], 
but mainly as isolated spines and test fragments due to more turbulent 
conditions. Joined by the much larger, heavier and more robust 
epibenthic irregular, Clypeaster julii, preserved as entire tests. Both 
faunal and taphonomic differences indicative of higher bottom currents. 
Clypeaster oxybaphon, a more specialized shallow burrower, locally 
joining Clypeaster batheri which seems to have been facultatively 
shallow-burrowing or epibenthic.
Comparison with Other Successions: Whole lepidocycline rudstones are
rarely distinguished in the literature from broken lepidocycline 
rudstones and floatstones. Possible Cyrenaican equivalents are described 
by Rose (1966) in his Middle White Limestone, apparently characterized 
only by undetermined cidaroid spines and lacking equivalents either of 
Clypeaster julii or Antillaster vaughani.
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Subfacies ANT[F2] Coralline Algal/Rotalid Dominated Floatstones and
Grainstones
Description: Thick to very thick planar laminated beds of coarse
bioclastic floatstones and fine rudstones in which rudaceous bioclasts 
are predominantly fine coralline algal branch fragments (2-3mm in 
diameter by typically 8-16mm long) with Lepidocyclina fragments c_^  20mm 
MD and subsidiary complete Heterostegina (Plates 18, 19). Matrix 
grainstone, locally packstone. Sorting, rounding and microboring more 
limited than in ANT[E]. Umbrella structures and laminar encrustations of 
coralline algae indicating frequent substrate stabilization. Occasional 
floating epilithoclasts of chemically immature volcanic rock. Prone both 
to early compaction and extensive anadiagenetic stylolitization (Plates 
18, 20), often resulting in stylolitic bedding similar to that described 
by Simpson (1985).
Palaeontology: Coralline algal material originating as loosely branched
thalli (BD II-III). Microfauna as ANT[F1], but sometimes including large 
peneroplid miliolids. Echinoid fauna dominated by isolated spines of 
Prionocidaris spinidentatus, Clypeaster oxybaphon as fragments, reworked 
specimens and in life position, Antillaster vaughani and rare 
Echinolampas sp. a,.
Best Seen: Algal Quarries, base Hudson Point, northeastern limit of
Little Cove, base Soldier Point.
Associations: Overlying and overlain by ANT[H3] on Guiana Island and
probably in the Soldier Point/Little Cove area where base not 
accessible. Apparently overlying ANT[D2] at High Point and in the Algal 
Quarries. Locally including patches of ANT[F1]
Inferred Environment: Middle euphotic zone between fairweather and
storm wave base in exposed bank margin settings. More fragmentary nature 
of lepidocyclines and coralline algae suggesting environment often 
higher energy than ANT[F1] as does the isolated occurrence of granule 
and fine pebble grade epilithoclasts. Intermittent bottom stability and 
variable energy conditions indicated by laminar coralline algal 
encrustations and predominance of much-branched low-energy algal growth 
forms, broken during subsequent higher energy phases. Extent of ramose 
coralline algal encrustation and original size of lepidocyclines
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suggesting that major disruptive events occurred at intervals of around 
a decade. Muddy matrix in variants associated with ANT[D2] indicates 
energy normally variable enough to allow periods of settling and also 
indicates the proximity of a micrite source. Such variants likely to 
have formed in a relatively exposed immediately backbarrier setting. 
Poorer sorting and rounding, more limited microboring, dominance of 
rotalid over miliolid foraminifera and importance of open branched 
coralline algae suggesting deeper, quieter and more open marine 
deposition than ANT[E1], but shallower higher energy conditions than 
ANT[D2]. Associations with ANT[H] and ANT[A3] suggesting variants with 
better sorted matrix poorer in algae and not containing epilithoclasts 
above sand grade accumulated at greater depths in more distal 
forebarrier settings. As for ANT[F1] absence of mud in their lithology 
probably reflects a general lack of mud in the environment and frequent 
winnowing. By analogy with contemporary coralline algal-dominated 
lagoonal environments (see Appendix E) deposition of the most proximal 
and protected variants may have occurred as shallow as 20m, a depth 
estimate consistent with the rare occurrence of peneroplids in muddier 
examples. Forebarrier accumulation probably greatest at depths of 60-80m 
as for algal branch fragment deposits off the Gulf of Mexico today 
(Reiss & Hottinger, 1984).
Inferred Echinoid Palaeosynecology: Dominated by large epibenthic
species and taxa adapted to burrowing in a coarse well-sorted matrix. 
Ecological niche of Prionocidaris spinidentatus already discussed with 
regard to ANT[D2], of which this subfacies constitutes a higher energy 
equivalent. Thick domelike test of Antillaster vaughani clearly adapted 
to moderately high energy bottom conditions. Being jawless, this species 
must have fed entirely on loose lepidocycline/coralline algal debris.
The large size of its peristome and periproct suggests that it could 
ingest very large particles, certainly the majority of algal branch 
fragments. It is interesting to speculate that the Miocene demise of 
shallow water Antillaster may be related to the increasing importance of 
seagrasses. Jawed grazers could have exploited the new herbivorous 
niches while the edentate asterostomatids would have been forced out 
into deeper water, where coralline algae and algal-symbiotic 
foraminifera continued to thrive. It is to be expected that occasional 
Clypeaster julii will also be found in this environment. Infauna 
dominated by Clypeaster oxybaphon with rare Echinolampas sp. Both 
these taxa show respiratory and locomotary adaptations to active
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burrowing in coarse well-sorted sediments (see Chapter V). Test shape as 
well as more frequent reworking and encrustation suggest that the former 
occupied a shallower niche than the latter.
Comparison with Other Successions: Closely resembling in lithology the
Lower White Limestone of Cyrenaica, as described by Rose (1966). No 
echinoid epifauna is described from this unit but its infauna closely 
resembles that of ANT[F2], being dominated by a tumid margined 
Clypeaster and an actively burrowing morphotype of Echinolampas, albeit 
accompanied by occasional representatives of Schizaster and Eupatagus.
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7.3.7 Faciès ANT[G] Cross-bedded Lithoclast/Coralline Algal
Floatstones and Rudstones with Bioclast/Pellet 
Crainstone Matrix
Diagnosis: Large scale assymtotic cross-bedded fragmentary coralline
algal/larger rotalid floatstones with matrix of bioclastic or 
bioclastic/pelletal medium-coarse grainstone; generally containing 
significant terrigenous sand and subangular to rounded clasts of 
volcanic rock, often encrusted in a marine environment.
Description: Beds 1.3-2.3m in thickness, normally comprising a single
set of basally asymtotic cross-beds orientated at 25-45* relative to bed 
boundaries (Plate 21). Cross-bedding direction very variable even at a 
single site but mainly towards northerly quadrant (cross-bed dip 
directions of 038*, 040*, 064°, 300° and 340° measured at Parham Quarry 
and apparently similar in sense in two-dimensional exposures at Little 
Deep Bay). Rudaceous epilithoclasts upto 70mm MD, frequently coralline 
algal encrusted. Upper surface of bed sometimes scoured or channelled 
and marked by a rhodolitic lag (BI 1-2; Plates 22, figure 1, and 23, 
figure 2), sometimes muddier and more heavily burrowed becoming a 
pseudonodular packstone (BI 4; Plate 22, figure 2). Only discernable 
ichnogenus Thalassinoides, of which the vertical burrows are usually far 
better preserved than the horizontal; in some thinner beds its activity 
extends right to the base of the bed obliterating all trace of primary 
sedimentary structures. Reworked fossils often lying in plane of 
cross-bedding if of flattened morphology (e.g.. Clypeaster oxybaphon, 
Plate 23, figure 1), but concentrated in lower part of bed if 
equidimensional (e.g. large gastropods and the oyster Hyotissa). 
Idealized bed illustrated in text-figure 12.
Palaeontology: Bioclastic material entirely dominated by coralline
algae which constitute upto 90% of sediment (Plate 23, figure 2; Plate 
24). Mainly fragments 2-4mm in diameter and 8-30mm long of loosely 
branched Archaeolithothamnium (BD II-III), microrhodoliths of 
Mesophyllum and thin crusts of Mesophyllum and Melobesia; large knobbly 
ovoidal rhodoliths of Mesophyllum typically associated with higher 
energy scours at the top of beds. Internal structure of rhodoliths 
characterized by growth surfaces and disconformities rather than 
breakages, with borings often important. Foraminifera typically 
constituting 5-10% of rock; fauna rotalid-dominated with occasional
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Primary sedimentary structures 
progressively obliterated downwards 
yiT/ by Thalassinoides
Parautochthonous, bulky, equidimensional, macrofossils concentrated at 
base of bed
Parautochthonous platey macrofossils locally preserved in plane of 
cross-bedding, particularly within lower part of bed
Epifaunal echinoids Prionocidaris spinidentatus and Antillaster vaughani 
living on upper surface of bed, where their fragmentary remains are 
often concentrated
y/j Infaunal echinoid Clypeaster oxybaphon living just below upper surface 
of bed, where it is occasionally preserved in life orientation.
5
6
Scour lined with lag of coralline algal rhodolites. Complete oysters in 
life orientation commonly occur at such horizons.
Tubes of Kuphus in life orientation within upper part of bed
Figure 12 
Idealized bed of sedimentary facies ANT [G ]
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textularids, and variable, often negligible miliolids; rotalid fauna 
dominated by large Lepidocyclina, indeterminate rotaliids,
Operculinoides and Carpentaria with occasional fragmentary Heterostegina 
and planktics (Plates 24, 25). Disarticulated and sometimes fragmentary 
pectinid valves locally abundant. Hyotissa cf. haitensis and Kuphus 
often in life position in upper parts of beds. Rich gastropod fauna 
including Turritella, "Cypraea" and several indeterminate cerithiids, 
all as internal moulds. Also occasional bryozoan and coral fragments and 
rare shark teeth. Well-preserved spines and test fragments of 
Prionocidaris spinidentatus common, accompanied by occasional complete 
tests but only very rare spines of Phyllacanthus peloria. Large 
Clypeaster oxybaphon by far the most abundant echinoid, often 
fragmentary or reworked locally to lie in the plane of the cross 
bedding, but also preserved as unencrusted specimens in life orientation 
just below the tops of beds. Spatangoids absent except for occasional 
fragments of Antillaster vaughani, whose well-preserved surface ornament 
and lack of encrustation or boring suggests that they were 
parautochthonous.
Best Seen: Parham Quarry, northeast Exchange Bay, Little Deep Bay.
Associations: Base not exposed in any of sections examined, but
probably overlying ANT[H1] or ANT[H2]; overlain by ANT[F2], ANT[H] or 
ANT[I1]. Alternating with ANT[A1] or ANT[A2] along strike in the Parham 
area.
Inferred Environment: Exposed forebarrier sandwave or submarine delta
between fairweather and storm wave bases and periodically subjected to 
very strong unidirectional currents sweeping land-derived rudaceous 
material offshore. Cross-bedding is at marine angle-of-repose with an 
intermittent avalanche mode of origin also indicated by preservation of 
flattened fossils in plane of cross-bedding. Cross-bed orientation 
indicating terrestrial source area to south, open sea to north. Although 
none of the terrigenous material has suffered very extensive physical 
reworking, most is somewhat rounded and some was reworked in a marine 
environment long enough to become rotted and coralline algal encrusted. 
Like the abundance of oysters in life position at the tops of some beds, 
this indicates long periods of bottom stability. Also consistent with 
the rarity of breakage surfaces within rhodoliths and their extensive 
boring (see Bossellini & Ginsburg, 1971). On the evidence of bed and
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cross-bedding set thickness, original depositional relief of 
sandwaves/suprafan lobes generally less than 2m. Frequent preservation 
of primary sedimentary structures despite being within the limits of 
Callianassid sediment reworking, as described in modern Caribbean 
environments by Shinn (1968), suggests overall deposition rates were 
sometimes too high to allow the development of steady state deep burrow 
networks. Abundance of coralline algae and benthic rotalids together 
with lateral reef associations suggesting upper euphotic zone or 
shallower part of middle euphotic zone. Domination of the coralline 
algal flora by Archaeolithothamnium and Mesophyllum indicate the latter. 
In the modern Caribbean noncryptic Archaeolithothamnium is restricted to 
depths below 20m, increasing drastically in importance down to 35m and 
more slowly therafter, with noncryptic Mesophyllum occurring no 
shallower than 10m, while in the Pacific they only become important at 
greater depths, the former reaching its maximum abundance at c_j_ 45m and 
the latter lower still (Wray, 1977; Adey, 1979). Transport of large 
macrofossils, breakage of branched coralline algal thalli and 
lepidocyclines, localized winnowing, lagged low-relief scours and 
ovoidal rhodoliths within the upper parts of beds indicative of 
intermittent bottom reworking. Like accretion at the frontal surface of 
the cross-beds, this was probably associated with an ebbing hurricane 
surges. Frequent Kuphus in life position possibly suggesting light wave 
activity even during fairweather intervals and explaining paucity of 
planktic foraminifera, but need not indicate back-barrier sands at only 
a few metres depth, as suggested by Schafersmann (1983). Predominance of 
algal branch fragments suggesting bottom turbulence was generally low.
At some horizons the occurrence of micritic pellets, an abundant diverse 
gastropod fauna and loose Carpentaria, suggesting the proximity of 
seagrass beds. Bulk of sediment originally deposited as a well-washed 
grainstone; probably minor mud accumulation within coralline algal 
baffle during fairweather intervals but greater mud content of more 
heavily bioturbated beds probably related causally to biological 
reworking as described by Pryor (1975). Inferred depth of deposition 
15-50m, probably at the shallower end of this range.
Inferred Echinoid Palaeosynecology: Much of the echinoid fauna shows
evidence of minor reworking, but the commonest species Prionocidaris 
spinidentatus and Clypeaster oxybaphon appear to have lived in situ. 
Cidaroid spines, plates and tests typically sorted to separated 
locations by their different physical properties if subjected to
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significant transport; their joint occurrence is typical only of a quiet 
water source area. Ecological niches of both species have already been 
discussed under ANT[F], to which this facies is ecologically very 
close,if of slightly higher energy. Although fragmentary, the remains of 
Antillaster vaughani show fine preservation of surface detail and have 
not been suffered much transport. Bottom conditions in this facies would 
have been quite consistent with its probable mode of life (see Section 
7.3.4, ANG[D2], and Chapter V).
Comparison with Other Successions: Probably analogous to the storm
deposited "ebb-tidal deltas" described by Aigner (1985) for Safety Valve 
Reef off Florida, which form in, or immediately seaward of transbarrier 
passages. An identical lithology, containing the same faunal assemblage 
was examined in the Upper Oligogene Juana Diaz Formation of Guanica 
Harbour, Puerto Rico. Sedimentologically comparable units seem to be 
absent in the Maltese or Cyrenaican areas, probably reflecting the 
mid-Cenozoic palaeoclimate of these regions, which would not have been 
subject to hurricanes (Appendix J, Section 9) and therefore lack such 
spectacular tempestites.
7,3.8 Facies ANT[H] Allochthonous Bioclastic Grainstones and
Rudstones Deposited from Gravity Flows
General Diagnosis: Lensoidal or tabular beds of allochthonous
deeper-water calcirudite and calcarenite, typically graded and with an 
erosional base.
General Description: Typically light grey or purplish in colour when
fresh, yellow or white when weathered; conglomeratic or calcarenitic 
texture normally visible to the naked eye or deducible from 
cross-bedding in grumuleuse wackestones. Matrix rarely silicifed but 
flint nodules and chertified coral clasts locally common (Plate 40, 
figure 1).
General Environment: Upper bank slope, subject to intermittent and
normally unchannelized gravity flows which deposit wide sheets of 
calcirudite or calcarenite producing a slope apron sensu Cook (1983), 
rather than the point-source submarine fans typical of siliciclastic 
sediments. Alternation with coralgal patch reefs, generally small 
deepwater affairs rather than true pinnacles, and absence of large scale 
talus deposits indicating that the margin was essentially a depositional 
ramp. Geopetal structures indicating significant depositional dip, but 
contrary to Frost & Weiss (1979), little evidence of significant 
slumping in these lithologies, presumably refecting greater mechanical 
competence than the calcisiltites of ANT[1], or a position well behind 
the frontal margin of the accretionary wedge.
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Subfacies ANT[H1] Graded Tabular or Lensoidal Beds of Coralgal
Rudstones and Floatstones.
Description: Medium to thick bedded normal graded accumulations of
diverse unlithified allochthonous reef debris with subsidiary subrounded 
oblate volcanic epilithoclasts (Plates 27, 28). Matrix grainsize from 
very coarse/coarse to coarse/medium packstone. Sole structures generally 
absent, clasts very poorly sorted and poorly orientated parallel to 
bedding, sometimes infilling shallow channels but more typically forming 
extensive debris sheets (Plate 26). In the best exposed examples at 
Little Cove, channel trends approximately northeast/southwest, with 
geopetal infills suggesting that depositional dips were sometimes as 
high as 30° (Plate 29, figure 2). Distinguished from ANT[H2] by 
floatstone/rudstone as opposed to pebbly grainstone texture.
Palaeontology: Very diverse assemblage of transported shallow water
organisms including corals, coralline algae, pectinids and larger 
benthic foraminifera, often fragmentary or worn. Tops of beds sometimes 
coralline algal encrusted, but rarely coral-colonized. Echinoid 
material, normally concentrated at the tops of rudstone beds including 
spines of Phyllacanthus peloria, indeterminate Clypeaster fragments, 
Clypeaster batheri and occasional Clypeaster julii, the former often 
completely and the latter partially free of matrix infill (Plate 29). 
Complete and little-abraded but sometimes serpulid encrusted, tests of 
elevated Antillaster vaughani sometimes occurring on the upper surface 
of such units (see ANG[H2]).
Best Seen: South side of Little Cove; Little Deep Bay and foreshore at
westernmost end of Neck of Land.
Associations: Overlying and overlain by ANT[H3] or ANT[1], rarely by
ANT[A3].
Inferred Environment: Upper sediment apron setting near top of bank
slope (corresponding to the middle-fan setting of siliciclastic fan 
models). Only occurring on steep slopes immediately beyond a 
well-developed bank-edge reef and rapidly attenuating distally (see 
Plate 26, figure 1). Local channelling indicating that bases of 
resedimented conglomerate beds were erosional; deposition probably from 
debris flows, since flute marks or other sole structures typical of
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distal current deposition entirely absent. Bulk of flows laterally 
unconstrained, building up wedge shaped debris aprons rather than 
classic fans with a strong radial component. This is the normal 
sedimentation pattern in allodapic limestones where most of the debris 
is derived directly from the marginal reef through small scale shutes 
rather than large scale inter-reef channels (Mullins & Cook, 1986). 
Occasional development of low relief patch reefs atop beds of this 
subfacies indicates a middle to lower euphotic zone setting, sometimes 
within the physiological limits of hermatypic corals. Bottom depth range 
30-100m.
Inferred Echinoid Palaeosynecology: Included echinoid fauna composed of
transported material, predominantly robust epibenthic and shallow 
burrowing species. Upper surfaces of rudstone beds sometimes colonized 
by the quiet water epibenthic scavenger Antillaster vaughani. The tests 
of this species appear to be more elevated in this facies than in 
ANT[D2], probably reflecting less need for streamlining in quieter 
conditions.
Comparison with Other Successions: Within SFB 4 of Wilson (1975)and
equivalent to "Facies A" of Mullins and Cook (1986). No real equivalents 
appear to be exposed in the Anguilla Formation, the nearest analogue ANC 
[I] being clearly channelized and associated with periplatform ooze 
rather than calcarenites. This apparently reflects the absence of a 
bypass system across the upper slope when the Antigua Formation was laid 
down, probably because of the carbonate terrace's immaturity. Absence of 
Maltese or Cyrenaican equivalents variously reflecting either the 
absence of large reefs on the associated bank margins (e.g. LCLF), the 
total drowning of the bank (e.g LCLF, MGLF), or general factors such as 
the absence of hurricanes with their associated surges and ebbs.
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Subfacies ANT[H2] Tabular-bedded, Well-sorted, Coarse, Open
Marine Bioclastic Grainstones
Description; Thin to medium, tabular or low angle cross-stratified, 
beds of very coarse to coarse grainstone predominantly comprising 
well-rounded to very well-rounded rotalid and coralline algal bioclasts 
(Plates 30-34), White or light grey where free of noncarbonate material; 
subsidiary tuffaceous material and/or epilithoclastic volcanogenic sand 
often giving it a greenish colour when fresh, weathering brownish on 
exposure. Sometimes containing minor well-rounded and often algal 
encrusted pebbles of shallow marine or terrestrial origin (Plate 31, 
figure 1; Plate 32). Including microbored grains derived from reefal 
version of ANT[E] (Plates 33, 34). Primary sedimentary structures 
including small-scale, fairly low-angle, cross-bedding and occasional 
rhodolite lined scours (Plate 30). Lithology often subject to extensive 
stylolitization which can produce wavey stylolitic bedding similar to 
that described for ANT[F2]. Occasional idiomorphic Thalassinoides 
sometimes visible; BI 3-4. On the west side of Boon Point one thin layer 
displays clear hexagonal fractures infilled by wedges of a second 
overlying layer (Plate 31, figure 2). Neither dessication nor synaeresis 
cracking can be evoked for these structures since mud is entirely 
absent. The occurrence of a shallow, apparently lacolithic, basalt 
intrusion a few metres to the north and east suggests fracturing caused 
by penecontemporaneous doming of sediments slightly consolidated by 
sea-floor cementation, a hypothesis supported by discontinuity of a 
primary isopachous cement. Boundary between ANT[H1] and ANT[H2] drawn at 
10% rudaceous clasts and correlating approximately with the transition 
from medium to thick bed thickness. Boundary between ANT[H2] and ANT[H3] 
drawn on grainsize (very coarse to coarse versus medium to fine sand 
grade) and reflected in detailed petrography (predominantly comprising 
bioclasts of nonplanktic organisms as opposed to planktic foraminiferal 
tests and pellets), as well as in echinoid fauna.
Palaeontology; Small algal blebs locally common, composed mainly of 
Mesophyllum with subsidiary Archaeolithothamnium. Microfauna entirely 
dominated by rotalid foraminifera, particularly Miogypsinoides cf. 
complanatus and spinose planktics, with subsidiary indeterminate 
rotaliids, large Lepidocyclina and Heterostegina fragments (Plate 33, 
34). Allochthonous macrofaunal including small well-rounded rudaceous 
bioclasts of large lepidocyclines and corals, isolated spines of
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Phyllacanthus peloria and distinctive ambital fragments of Clypeaster 
oxybaphon. Locally abundant tests of Irenechinus rosei and one recorded 
specimen of a juvenile Clypeaster ?batheri. Autochthonous fauna 
characteristically including Spondylus bostrychites and Epitonium 
(Stenorytis) antiguense. Unencrusted Eupatagus cubensis locally common 
in life orientation just below the tops of beds, though examples 
encrusted by oyster spat also occur. Rare, but originally 
well-preserved, Echinolampas sp. a and Antillaster elegans, sometimes 
lightly encrusted, overturned and crushed in situ (Plate 31, figure 1). 
Although no examples were collected by the author, some apparently 
unencrusted specimens of Pericosmus mortenseni in the BMNH are 
associated with matrix typical of this facies. Very rare fragmentary 
?Meoma cf. antillarum riddled by Entobia, partially covered by bryozoa 
and almost certainly derived from another environment. Unfortunately the 
coarse well-sorted nature of this sediment has allowed very extensive 
matrix cementation and exposed fossils tend to be heavily weathered.
Best Seen: Base Long Bay Section; Boon Point to Beggars Point .
Associations: Normally overlying ANT[H3], more rarely ANT[F] and very
occasionally ANT[H1]; overlain by ANT[H3] or ANT[F2].
Inferred Environment: Upper bank slope sediment apron developed above
storm wave base in the middle euphotic zone where algal/lepidocycline 
shoals rather than coralgal reefs dominate the bank edge. Subject to 
periodic coarse-grained deposition from unconstrained storm-generated 
turbidity currents, often overprinted by tempestite reworking. Periodic 
bottom stability indicated by the occurrence of the non-burrowing 
epifaunal bivalve Spondylus and by oyster spat encrustation on some 
undamaged Eupatagus tests. Domination of ichnofauna by Thalassinoides 
and occurrence in life position of the actively burrowing echinoid 
Eupatagus suggests a generally softground bottom consistency. Minor 
penecontemporaneous cementation leading to firmground consistency 
indicated by local sediment cracking. Lack of lime mud as well as 
occasional lags and scours indicating some bottom current activity 
between depositional episodes, but absence of Kuphus or other vertical 
burrowers and greater abundance of planktic foraminifera suggest depths 
greater than those of ANT[G]. Domination of benthic foraminiferal fauna 
by discoidal rotalids suggesting deposition within the euphotic zone but 
at depths exceeding 50m (see Reiss & Hottinger, 1984) and is consistent
with the predominance of Mesophyllum over Archaeolithothamnium in the 
coralline algal flora (see Adey, 1979). Abundance of planktic 
foraminifera generally indicative of euhaline open oceanic conditions, 
but almost total absence of smooth ^lobororotalids suggesting depths 
considerably less than 100m (see Haynes, 1981). Relationships to 
finer-grained downslope subfacies of ANT[H] suggesting bottom within the 
absolute tolerance of a few hermatypic corals. Inferred depth of 
deposition 50-70m.
Echinoid Palaeosynecology: Phyllacanthus peloria, Clypeaster oxybaphon
and juvenile Clypeaster ?batheri are the only bank-dwelling species 
capable of providing structurally strong clasts in the fine rudaceous 
size grade, the former pair as intrinsically strong skeletal elements, 
the latter as complete tests. For this reason they are the only 
allochthonous species to be represented in these relatively distal mass 
flow deposits. In contrast, the local abundance and often very fine 
surface preservation of Irenechinus rosei in this facies suggests it was 
an autochthonous epifaunal species in the environment of deposition. 
Preservation of autochthonous Eupatagus cubensis indicative of a very 
shallow burrowing habit in coarse well-oxygenated sediments and entirely 
consistent with deductions from functional morphology (See Chapter V). 
Antillaster elegans would seem on morphological and taphonomic grounds 
to have lived epibenthically. Lack of physical damage to the fragile 
epibenthic species Antillaster elegans suggests it lived locally and was 
buried shortly after death. Indeed substantial crushing is consistent 
with intact periproctal and peristomial membranes at burial, which would 
have prevented the ingress of supporting sediment. Unfortunately recent 
weathering damage, which tends to be high in this well-cemented 
lithology, prevents more detailed taphonomic assessment as to whether 
the animals were buried alive.
Comparison with Other Successions: Falling within SFB 4 of Wilson
(1975). Pebbly variants assignable to "Facies A" of Mullins and Cook 
(1986), pebble-free variants to their "Facies C". No real equivalents in 
the Anguillan or Cyrenaican successions, which seem to lack coarse 
well-sorted calcarenites in a bank slope setting, at least in the former 
case probably because of a well developed reef margin and upper slope 
sediment bypass. In the Maltese sequence, the Xlendi Member of the LCLF 
on Gozo can be petrographically similar and may locally have formed in a 
similar setting. However, according to Challis (1980) its only signicant
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echinoid inhabitant is Echinolampas posterolata, a form clearly adapted 
to active and probably fairly deep burrowing, which would be consistent 
with deposition in a rather shallower bank edge setting, as suggested by 
Bennett (1979). Certainly it lacks the evidence of periodic bottom 
stability over a wide area typical of ANT[H2].
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Subfacies ANT[H3] Tabular-bedded, Open Marine, Medium, Planktic
Foraminiferal/pelletal Grainstones and Packstones
Description: Medium to very fine planktic foraminiferal/pelletal
grainstones and packstones including a variable amount of reef derived 
debris, volcanic rock granules and other non-carbonate sand, 
particularly weathered feldspar crystals. Dull grey colour when fresh, 
yellow when weathered (Plates 35, 38). In coarser lithologies low relief 
scours and assymtotic trough cross-bedding are common, with set height 
up to 0.4m (Plate 35,figure 1). Finer lithologies are thin to medium 
tabular bedded with grading sometimes poorly discernable and occasional 
muddy lenses (Plate 37, figure 1). Upper parts of beds often moderately 
to heavily burrowed (BI 3-4) in a predominantly horizontal plane (e.g. 
Plate 37, figure 1), but their lower parts generally little affected (BI 
1-3; e.g. Plate 38, figure 1). Occasionally containing oblate silicified 
nodules upto 250mm in maximum diameter, centred on fossil fragments.
Palaeontology: Foraminiferal fauna generally rotalid-dominated, locally
textularid-dominated. Rotalid fauna comprising complete and fragmentary 
planktics (>90%), with occasional complete examples of Lepidocyclina 
(Lepidocyclina) parvula, Rotalia (and other undetermined rotaliids), 
Nodosaria and smooth-walled bolivinitids (Plates 35, 38). Undeveloped or 
partially developed large rotalid proloculi often common (Plate 36). 
Fragmentary rotalid material including large thick Lepidocyclina, 
Miogypsinoides, thin-walled lenticular Operculinoides and Amphistegina. 
Diverse textularid fauna extremely well-preserved; predominating over 
rotalids in occasional coarse laminae; including Textularia s.1. and 
?Valvulina. Encrusting fauna now dominated by bryozoa. Some exposures 
such as those at the northern end of Exchange Bay and along Exchange 
Point containing a very diverse assortment of occasional reworked 
macrofossils including coral fragments (rounded and encrusted), 
coralline algal fragments and small rhodoliths (predominantly 
Mesophyllum), silicified sponges (mainly with an inverted conical 
morphology), fragments of reticulate gorgonians, ramose bryozoans 
(probably Porinids), tooth fragments of Carcharodon s.l., Trichosoma 
foresti (a large-pedicled brachiopod), Epitonium (Stenorhytis) 
antiguense and Prionocidaris spinidentatus tests. Most of this fauna 
comprises light material derived from shallower coralgal forereef 
environments and this variant is like subfacies ANT[H1] associated with 
a well-developed reef rim at the bank edge. Occasional well-preserved
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Irenechinus rosei. Echinoid infauna typically dominated by Schizaster 
munozi, frequntly as swamped populations in life orientation and 
retaining spines in the sunken anterior ambulacrum (Plate 37, figure 2; 
Plates 39, 100), and/or by Lovenia gregoryi antiguensis, less frequently 
in life position and lacking attached spines. Population density of 
Schizaster munozi maximized in the lee of deepwater patch reefs, 
reaching approximately one indiyidual per square metre (text figure 11). 
Other well-preserved spatangoids include rare Agassizia clevei, showing 
no evidence of postmortem exposure at the sediment surface, and locally 
common Pericosmus mortenseni, lightly encrusted on all surfaces by 
serpulids, bryozoa and foraminifera, but still generally unbored, 
unbroken and unabraded, Echinolampas sp. a. locally common and 
well-preserved, but not normally in life orientation. Occasional 
reworked fragments of Brissopsis sp. Eupatagus cubensis and 
Antillaster vaughani.
Best Seen: Upper part of Little Cove, Exchange Point, York Island
Peninsula, Green Island, Ayres Creek top, western end of Long Bay, Guard 
Point, Guiana Island, top Lavingtons Main Quarry, base Hope Mill Quarry.
Associations: Overlying ANT[H1] or ANT[I1]; overlain by ANT[H] or
ANT[I]. May locally contain lenses of ANT[A3].
Inferred Environment: Distal part of carbonate debris sheet on island
slope, below fairweather wave base and generally below storm wave base 
in an area subject to intermittent mass flow deposition corresponding to 
Bouma B or BC of classical turbidite sequence. Approximately 
corresponding to the distalmost mid-fan and lower fan settings of 
siliclastic models, where including channels/scours and not 
respectively. Normal rarity of corals, coralline algae and mature 
algal-symbiotic larger foraminifera, despite the abundance of 
stenohaline echinoderms, ruling out the upper or middle euphotic zone. 
Occasional inclusion of deepwater coralgal patch reefs and local 
importance of Lepidocyclina at some sites suggesting bottom sometimes 
within lower part part of euphotic zone. Although individual hermatypic 
coral species can extend to depths of 250m even patchy ground cover by 
multispecies reefs rarely extends below 90m (Moore et al., 1976). 
Following the pattern suggested by Reiss & Hottinger (1984), occurrence 
only of lenticular thin-walled Amphistegina and Operculinoides without 
subglobular thick-walled morphotypes suggests depths in excess of 80m.
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Indeed the normally fragmentary nature of these genera suggests depths 
at or below the limits of living populations, approximately 130m for 
Amphistegina in the Gulf of Aqaba (Reiss & Hottinger, 1984). This is 
confirmed by the non-development of many benthic rotalid proloculi, by 
the occurrence of Nodosariaceans, which consistently have an upper limit 
of distribution between 60m and 70m depth in the Gulf of Aqaba (Reiss & 
Hottinger, 1984), and by the importance of textulariids. The occurrence 
of swamped infaunal echinoid populations indicating an environment 
subject to sudden rapid deposition. Tabular bedding, asymmetric 
cross-stratification and inclusion of allochthonous hard substrate 
fossils derived from shallower water indicative of deposition from 
laterally unconstrained density currents flowing downslope. The 
predominantly conical colony form of the silicified sponges apparently 
suggests a pebbly or patchily hard substrate in the source area (Brimaud 
& Vachard, 1985), and like the rather delicate colony form of the 
bryozoans and gorgonians, suggests strong water agitation was normally 
absent. It seems more likely that much of this allochthonous fauna was 
derived by bottom current erosion from nearby upper slope facies, rather 
than the bank top. Stability of the sediment/water interface during long 
intervals between mass flows indicated by non-reworking of swamped 
populations and extensive encrustation of unbroken epifaunal skeletons 
before burial (particularly by sediment intolerant bryozoans). Gentle 
overturning of lighter exposed material sometimes indicated by 
encrustation of all surfaces of clasts. This does not in itself require 
wave activity since rumaging by crabs and fishes as well as biological 
bulldozing by shallow burrowers is known to effect such disruption in 
modern deepwater environments. However the existence and asymmetry of 
thin talus apron associated with deepwater reefs (text-figure 11) 
indicating environments above absolute storm wavebase for the 
surrounding finer sediments. Although this can be over 200m for long 
period storm waves acting on fine grained sediment significant movement 
of such coarse material rarely occurs even at depths of 60m in areas 
exposed to the full force of modern Atlantic hurricanes (see Woodley et 
al., 1981)). Distal equivalent of ANT[H1] and ANT[H2]. Inferred depth of 
deposition 60-150m, probably mainly near the middle of this range with 
coarser cross-bedded variant more proximal than finer tabular bedded 
examples.
Inferred Echinoid Palaeosynecology: Diverse echinoid faunas within the
same bed indicate extensive niche partitioning. Differences in
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preservation suggest one of the most important variables was depth of 
burrowing. Schizaster munozi and Agassizia clevei appear to have been 
the deepest burrowers, rarely being reworked. Their occurrence as 
swamped populations within certain bedding planes suggests either that 
influxes of sediment were sometimes high enough to inhibit an escape 
response, as described by Nichols et al. (1978), or that the 
chemistry/texture of the overlying sediments immediately interferred 
with echinoid physiology, for example by clogging the ambulacral system 
as suggested by Rosenkranz (1971), or in the case of thin volcanoclastic 
beds by systemic poisoning. Lovenia gregoryi antiguensis, Brissopsis sp. 
^  and Echinolampas sp. ^  were shallower burrowing and are generally 
disturbed, but rarely encrusted. Pericosmus mortenseni is often 
encrusted and would thus appear on preservational grounds to have been 
epibenthic or a superficial plougher, a hypothesis supported by low 
tubercle packing density. Although Pericosmus mortenseni possessed 
adaptations for shallow burrowing and is sometimes preserved as a 
burrower when swamped encrustation suggests that most specimens of died 
at the sediment surface. This probably reflects the ascent of dying 
individuals as noted for Recent burrowing spatangoids (Smith, 1984), 
rather than a truly epibenthic lifestyle. Irenechinus would seem from 
its fine preservation to have been an autochthonous element of the 
fauna; functional morphology indicates it was purely epifaunal.
Eupatagus cubensis and Antillaster vaughani are represented only by 
poorly preserved material and restricted to the coarser cross-bedded 
variants of the subfacies; they were probably derived from slightly 
higher energy upslope environments like those represented by ANT[H2].
Comparison with Other Successions: Falling within standard facies belt
4 of Wilson (1975) and more or less equivalent to Facies "D" of Mullins 
& Cook (1986). Petrographically comparable to ANG[1] of the Anguilla 
Formation and to Challis' "Scutella/Eupatagus/Wackestone" biofacies 
within the Maltese Lower Globigerina Limestone. Its echinoid fauna is 
generically and morphologically similar to those of these Miocene units, 
except in the lack or at least rarity of autochthonous Eupatagus. 
Interestingly, as in the contemporaneous Cyrenaican Oligocene 
succession, this genus appears in the Antigua Formation to be restricted 
to coarser substrates.
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7,3.9 Facies ANT[I] White, Planktic Foraminiferal/Pelletal
Calcisiltites
General Diagnosis: White tabular bedded pelletal/globigerinid
calcisiltites and very fine calcarenites, entirely lacking epiclastic 
noncarbonate material and with grainstone or packstone textures.
General Description: Heavier burrowing and frequent preservation of
fossils in life position in upper parts of beds. Importance of 
rotational sliding (slumping) indicated by intraformational truncation 
surfaces and soft sediment deformation (Plate 41). Depositional and 
stratigraphie dips not distinguishable in geopetal structures. Locally 
containing enough irregular tuff fragments to be described as a 
floatstone; the angularity, fragility and compositional uniformity of 
the fragments suggests ^  situ break-up of primary tuff bands by 
thixotropic liquifaction rather than by long distance transport. Other 
small-scale evidence of synsedimentary deformation includes 
penecontemporaneous fissuring (Plate 46, figure 1) and possibly 
transport of undeformed blocks (recorded by Theis, 1980, in cliff at 
Laurys Point, though the present author remains unconvinced). Early 
silicification of matrix in some burrow infills and also as oblate 
nodules in plane of bedding (Plates 44).
General Environment: Bank slope below storm wave base, beneath the
euphotic zone and subject to hemipelagic deposition of platform-derived 
pelletai calcisilt. Abundance of planktic foraminifera indicating open 
oceanic conditions, though it has long been recognized that the bulk of 
micrite production takes place in shallow shelf environments (Stockman 
et al., 1967). Negligible bottom erosion and periodic sedimentation 
indicated by fine fossil preservation throughout, frequent swamping of 
fossil populations in life orientation and evidence for syndepositional 
sea floor cementation. Heavy bioturbation and whiteness indicating fully 
oxygenated bottom conditions. Associations with clastic sand interbeds 
and very occasional preservation of possible sole structures and 
intraclasts suggesting bottom-hugging turbidity currents sometimes 
occurred, but preservation of very thin beds and fine grainsize/low 
density of micrite pellets suggesting rhythmite deposition from low 
density turbidity currents trapped within the water column. Although the 
pellets are typically of very coarse silt grade, the work of Wanless et 
al. (1981) suggests that their suspension/settling behavior would
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resemble that of much finer siliciclastic silt. Forming the uppermost 
part of the Antigua Formation in southeastern Antigua beyond the line 
from Lavington’s Main Quarry to James Point. Variable sediment 
resistance to burrowing and bearing capacity indicated by diverse trace 
fossil assemblages (see ANT[I2]) and different types of gravity induced 
bed failure. Both sequences of increasing sediment strength are probably 
related to improved dewatering and progressive synsedimentary 
cementation. Enos & Moore (1983) indicate that gravity failure slumping 
in fine-grained carbonate slope sediments can occur even where 
depositional dips are as little as 1°, while Cook (1983) indicates the 
liquified flows require slopes over 3° ; the inability to distinguish 
depositional from stratigraphie dip in any geopetal structures certainly 
suggests the former were less than 5°.
Equivalent to the periplatform ooze facies of Cook (1983), 
facies "G" of Mullins & Cook (1986). Most Closely resembling standard 
facies belt 3 of Wilson (1975), though this model is ill-suited to the 
description of oceanic banks and the sediments also possess many 
character which he considered typical of his facies belts 2 and 4.
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Subfacies ANT[I1] Including Small Lepidocyclines
Description: Thick, apparently massive, beds of white pelletai and
microbioclastic calcisilt or very fine calcarenite including 
autochthonous small lepidocyclines (Plate 42). Bioturbation slight (BI 
1-2), burrows often deep, sometimes lined by small lepidocyclines. Open 
burrow systems resembling Bathichnus and synsedimentary fissures 
sometimes filled with allochthonous material to depths of over 400mm 
(Plate 46, figure 1).
Palaeontology: Foraminiferal fauna uniformly well-preserved;
rotalid-dominated but with subsidiary textularids resembling Valvulina 
up to 15%; rotalid fauna dominated by planktics (>90%), typically with 
minor complete Lepidocyclina (Lepidocyclina) parvula and occasional 
small benthics such as Dentalina and biserial bolivinitids. Except for 
rare, perhaps allochthonous, spatangoid fragments (?Brissopsis sp.) and 
disarticulated Prionocidaris spinidentatus plates in some burrow 
linings, echinoid fauna unknown.
Best Seen: Northern side of Exchange Bay, Laurys Point, James Point.
Associations: Overlying ANT[G], ANT[H] or ANT[J]; overlain by
ANT[J1,2,3] or ANT[I2].
Inferred Environment: Distal carbonate apron environment within lower
euphotic zone on bank slope, but below light levels at which coralgal 
bioherms can form. Importance of small benthic rotaMds and occurrence 
only of thinly discoidal lepidocyclines indicative of bottom near the 
limits of algal-symbiotic larger foraminifera and below those of most 
corals or coralline algae. Since the lepidocyclines are long extinct the 
precise limits of their tolerance are difficult to assess, but are 
unlikely to have much exceeded 150m and probably lay within the modern 
euphotic zone. The lack of other larger rotaliids such as Amphistegina 
suggests water depths in excess of 100m. Absence of preserved rythmic 
bedding, more vertical burrowing and local evidence of fossil breakage 
on bottom suggest shallower deposition than in ANT[I2], probably above 
the absolute storm wave base, around 200m for the longest period storm 
waves of modern oceans (Allen, 1970). Penecontemporaneous fissuring 
indicative of minor early marine cementation during periods of 
non-deposition and probably formed as a result of slumping. Depth to
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which burrow systems remained open (allowing their infill by 
allochthonous material), and occurrence of locally derived intraclasts 
in associated examples of ANT[J], are other macroscopic indications of 
early sea floor cementation and a firmground sediment texture prior to 
final burial. Depth of deposition probably in the range 100-150m, 
possibly extending to 200m.
Inferred Echinoid Palaeosynecology: Complete absence of indigenous
echinoid fauna probably fortuitous, related to patchiness of echinoid 
populations and small area of available exposure; overall echinoid 
palaeosynecology will probably be found to resemble that of ANT[I2] if 
better exposures become available. Extreme patchiness of infaunal 
echinoid populations within an apparently uniform environment is not 
unusual, a Recent example being described by Buchanan (1967). 
Additionally however burrowing spatangoid colonization will have been 
increasingly inhibited by the development of a recalcitrant firmground 
matrix.
Comparisons with Other Successions: Directly equivalent to the
"Prionocidaris/Lepidocyclina/Wackestone biofacies" of Challis (1980) 
within the II Mara Member of the Maltese LCLF. Also equivalent to ANG[G] 
on the north coast of Tintamarre where it is seen to include small 
lepidocyclines.
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Subfacies ANT[I2] Entirely Lacking Lepidocyclines
Description: White-beige medium-thick tabular-bedded pelletai
calcisilts and very fine grainstones, often weathering in alternating 
hard and soft bands (Plates 2, 41, 43, 45). Basal parts of beds more 
prominent, better sorted and slightly coarser, sometimes including 
lenses and laminae of fine bioclastic debris. Upper parts of beds often 
poorly-washed, sometimes argillaceous. Rare macrofauna including 
infaunal echinoids and bivalves preserved in life orientation; 
light-requiring taxa entirely absent. Bed bases sharp except where 
disturbed by rare burrowing, but only observed sole structure a single 
chevron drag mark. Burrowing apparently most extensive in upper parts of 
beds and decreasing rapidly downwards, but only clear where where picked 
out by ironstaining. Sharpness of burrow margins apparently varying from 
one form to another. Ichnofauna dominated by large form resembling 
Thalassinoides sometimes cut by, but never themselves cross-cutting, 
smaller sharper burrows. No small-scale cross-stratification but 
intraformational truncation surfaces very well developed, as well as 
less spectacular evidence of slumping (Plate 41). Local partial 
silicification as oblate nodules upto 100mm MD, lenses upto 20mm thick 
and 2000mm wide and burrow infills (Plate 44, and Plate 45, figure 2).
Palaeontology: Microfauna dominated by complete planktic rotalids and
radiolaria, with occasional Nodosaria, and textulariids; undeveloped 
larger rotalid (probably lepidocyclina) proloculi locally abundant. 
Non-echinoid macrofauna dominated by infaunal bivalves in life 
orientation and small scaphopods; occasional epitoniid gastropods, 
fragmentary pectinid and Kuphus debris in basal parts of some beds. 
Echinoid fauna dominated by Schizaster munozi, almost invariably 
preserved in life orientation immediately beneath thin bands of 
noncarbonate sediment assigned to ANT[J]. Tests often irregularly 
crushed and sometimes with a full complement of spines including 
undisturbed subanal tufts (Plate 100, figure 4). Population density 
approximately 0.5 per square metre in well exposed bedding plane at Dums 
Point. Occasional Brissopsis sp.
Best Seen: James Point, Long Bay to Dums Point, Tonnies Cove to Indian
Town Point, Guard Point, Above Hughs Point, Back of Exchange Bay and the 
inland cliffs behind.
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Associations: Overlying ANT[H3], ANT[I1] or ANT[J], thereafter
alternating with ANT[J].
Inferred Environment: Distal carbonate apron setting on bank slope
below storm wave base and euphotic zone, equivalent to the lower fan 
position in most clastic delta models. Deposition of bank top derived 
hemipelagics from laterally unconstrained distal turbidity currents. 
Examples displaying discontinuous coarser laminae or fine 
macrobioclastic material at their bases representing Bouma divisions DE 
deposited from classical bottom-hugging turbidity current. Other 
examples probably graded rhythmites deposited by simple fallout from 
storm suspension via low density turbidity currents contrained within 
the water column. Absence of any directly light-requiring taxa (even as 
derived material) suggests position well below euphotic zone, 
particularly since undeveloped rotalid proloculi were often common. This 
is consistent with the importance of textulariids and the occurrence of 
Nodosariaceans which have an upper depth limit of 60-70m (Reiss & 
Hottinger, 1984) and are best developed at depths in excess of 91m in 
modern tropical waters (Haynes, 1981, p.189). Amongst the macrofossils, 
scaphopods are likewise typical of deepwater settings. Periodic 
sedimentation suggested by alternating hard and soft bands, with 
frequent preservation in life position of infaunal echinoids and 
bivalves below the former. Rhythmite or turbidite origin indicated by 
grading, with distinction between them on basis of large particles whose 
density and settling velocity dictate bottom flow. At first sight the 
absence of sole structures or microcrosslamination suggesting almost 
entirely rhythmite origin. However, since sole structures are uncommon 
even in coarse-grained calciturbidites (James, 1979), their almost total 
absence in these fine grained varieties is hardly surprising. Regarding 
cross-lamination, the graphs of Wanless et al. (1981) suggest that very 
fine sand/coarse silt grade soft pellets would be hydrodynamically 
equivalent to fine siliciclastic silt. In such fine grade sediments 
ripple formation is restricted to very shallow water (Harms et al.,
1975; Allen, P., pers. com., 1979) explaining the absence of 
cross-lamination within these lithologies. The probable drag mark noted 
at one locality would be indicative of rather sluggish bottom currents, 
consistent with deposition under hydrodynamic conditions of standard 
Bouma Bed D (Lower Flat Bed). Preservation of this stucture and absence 
of scouring suggesting total lack of wave reworking, supporting depth 
estimates based on absence of euphotic species and distal tubiditic
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setting. Rarity of deep burrowing illustrated by preservation of swamped 
Schizaster cf. munozi in life position and bearing an undisturbed spine 
coat over its entire surface (rather than just in protected crannies 
such as the anterior ambulacrum). Typically crushed preservation 
indicating not only lack of sediment infill at burial (to be expected of 
animals that were buried alive), but also a lack of matrix infiltration 
before compaction. This may suggest either that compaction occurred very 
early before rupture of the peristomial or periproctal membranes or that 
the matrix itself was very cohesive due to early cementation. Although 
occasional intraclasts suggest minor early cementation, the existence of 
burrowing spatangoids at all, and the nature of test breakage, not 
following suture lines, suggesting the former scenario. Such early 
compaction would probably be the result of dewatering of soft pellets 
and can occur significantly within 20mm of the sediment surface even in 
shallow pelletai sands (Wanless et al., 1981). Very early dewatering 
also suggested by the apparent rarity of the soupground ichnogenus 
Planolites. Visible ichnofauna indicative of an initial softground 
subsequently becoming a firmground. Apparent absence of Scolicia and 
Subphyllochorda, interpreted as spatangoid burrows by Smith & Crimes 
(1983), is probably a consequence of sediment homogeneity; good 
specimens should be revealed by oil enhancement. Partial synsedimentary 
lithification suggests depths less than 500m, the apparent limit of such 
processes of the modern Bahamas Bank, and mainly above 375m, the limit 
of non-nodular cementation in this setting (Mullins, 1983). Depth of 
deposition certainly in excess of 120m and likely to be in the range 
150-400m.
Inferred Echinoid Palaeosynecology: No significant epifaunal echinoids,
probably due to lack of surface algal mat or nutritious organic debris. 
Infauna more depauperate and numerically less dense than that of ANT[H] 
mainly comprising a few large specimens of Schizaster cf. munozi. Like 
the absence of epifauna this probably reflects the initially low food 
value of the sediment, something that would also explain the general 
absence of deep burrowing. Well-developed anterior ambulacrum of 
Schizaster cf. munozi suggesting that it lived by angling for food at 
the sediment surface, rather than attemping to extract a living from the 
organic poor sediment (either by ingestion or by direct absorption as 
described by Pequignat, 1966). Genera specializing in the latter feeding 
mode, e.g. Eupatagus, Agassizia and Lovenia, conspicuously absent. 
Schizaster is also the only echinoid genus in the Antigua Formation
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whose test shape and tubercle size are suggestive of a mud or silt 
burrowing capability (See Chapter V). Especially high mortality of 
Schizaster immediately beneath thin beds of noncarbonate material 
possibly a result of starvation due to the total absence of organic 
matter at the surface of these, rather than of simple swamping. The 
animals appear to have made no attempt to penetrate even a few
centimeteres of coarse sand, although Schafer (1971) indicates that some
30cm of fine sand were necessary to swamp Echinocardium cordatum,
apparently a less well adapted burrower. Neither poisoning nor inability
to maintain a respiratory funnel in this coarser sediment seem 
reasonable alternatives for such consistent preservation. As the 
sediment increased in firmness even mud-burrowing forms such as 
Schizaster would be excluded.
Comparisons with Other Successions: Directly equivalent to the
exposures of ANG[G] on St Martin and petrographically resembling the 
Ras-ir-Raheb and Mgiebah beds of the Maltese GEE. Its echinoid fauna 
resembles those of these Malteses units, differing most notably in the 
total absence of Spatangus, a genus typically associated with higher 
latitudes.
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7.3.10 Facies ANT[J] Allochthonous Noncarbonate Gravity Flows
General Diagnosis: Isolated beds consisting predominantly of
mechanically and chemically immature non-carbonate sediment with a 
terrigenous epiclastic origin within a deepwater carbonate sequence.
General Description: Bases of beds sharp, not always obviously
erosional. Often associated with swamping of pre-existant fauna.
General Environment: Dumping of storm-eroded material, mainly
terrigenous but sometimes including carbonate clasts, in a wide variety 
of bank slope environments. Terrigenous material above clay size 
invariably deposited from bottom-hugging gravity flows. Frequently 
interbedded with calcisilt rhythmites rather than fine calciturbidites 
because of discrepancies in the density of carbonate and siliciclastic 
grains.
General Echinoid Palaeosynecology: No living indigenous fauna but may
contain robust debris of shallow marine species, e.g. spines of 
Phyllacanthus peloria and ambital test fragments of Clypeaster 
oxybaphon. May swamp or starve pre-existing infaunas as described above, 
Rarely, if ever, acting as a substrate for epifaunal species.
General Comparisons with Other Successions: No equivalents in the
Maltese or Cyrenaican successions, which appear to have been deposited 
on pure carbonate platforms lacking land areas that could provide 
massive influxes of siliciclastic sediment. Voluminous deposits such as 
ANT[J1] and ANT[J2] also absent from the Anguilla Formation, presumably 
because influxes of siliclastic debris during its deposition were lower, 
Of the thinner-bedded varients, ANT[J3] is approximately equivalent to 
ANG[J1] and ANT[J4] to ANG[J2].
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Subfacies ANT[J1] Mixed Carbonate/Noncarbonate Debris Flow
Description: Thick to very thick lensoidal beds of very poorly sorted,
inhomogenous muddy terrigenous sand, incorporating floating clasts upto 
200mm in MD in upper part of bed (Plate 46, figure 1). Clasts including 
volcanic rock fragments and fragile calcisiltite intraclasts, but 
frequently dominated by coralgal material of shallow water origin with 
subsidiary mollusc, lepidocyclina and Phyllacanthus fragments. Itself 
unburrowed (BI 0), but matrix sometimes extending down open burrow 
systems and fissures into underlying beds.
Palaeontology: No indigenous living organisms; derived fauna similar to
that of ANT[G].
Best Seen: James Point.
Associations: Overlying and overlain by ANT[I].
Inferred Environment: Submarine slide deposit in distal carbonate apron
setting on bank slope. Muddy matrix, poor sorting and large floating 
lithoclasts concentrated in the upper part of the bed indicating debris 
flow transport; injection of matrix into burrows and fissures in the 
underlying bed suggesting subsidiary grainflow component to motion in 
lower part of bed (following analsis of Middleton & Hampton, 1973). 
Abundance of noncarbonate material suggesting that flow was initiated by 
an ebbing storm surge that entrained coralgal reef debris as it departed 
the platform, or caused slumping at the edge of an ebb tidal delta. 
Presence of locally-derived platey calcisilt intraclasts indicating some 
synsedimentary lithification in associated lithologies of ANT[I], a 
syndiagenetic character only seen at depths less than 500m off the 
modern Bahamas Bank (Mullins, 1983). Corresponding to facies "F" of 
Mullins & Cook (1986).
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Subfacies ANT[J2] Graded, Cross-stratified, Pebbly Sandstones
Description: Lenticular medium to thick beds of graded, very coarse to
medium grained pebbly sandstones. Within each bed, single set of 
assymtotic cross bedding picked out by layers of small pebbles (Plate 
46, figure 2), Arenitic material chemically immature and heavily 
weathered; probably lithic arkose. Containing unencrusted 
matrix-supported subangular to subrounded volcanic epilithoclasts 
reaching 15mm MD, Upper boundaries typically gradational probably due to 
burrowing but bioturbation in body of bed negligible.
Palaeontology: No discernable fossils.
Best Seen: Laurys Point, Verstynen.
Associations: Overlying and overlain by ANT[H3] or ANT[I]; passing
laterally into greenish mudstones of ANT[J3].
Inferred Environment: Shallow channel on bank slope; distal mid-fan
position in generalized submarine fan model of Walker (1979).
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Subfacies ANT[J3] Green Noncarbonate Mudstone
Description: Thin to medium tabular beds of green noncarbonate mudstone
sometimes seen to form a lateral continuation of coarser grained 
deposits (Plate 46, figure 2).
Palaeontology: No discernable fossils.
Best Seen: Laurys Point.
Associations: Overlying and overlain by ANT[H3] or ANT[I]; passing
laterally into ANT[J2].
Inferred Environment: Association with ANT[J2] indicating extrachannel
deposition of turbidity-suspended fines in a mid-fan environment on the 
bank slope. Not directly comparable to the argillaceous marls of ANG[J1] 
which were formed by extensive shallow marine settling of 
storm-suspended material.
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Subfacies ANT[J4] Thin Tabular-bedded Siliciclastic Sandstones,
Description: Thin tabular beds of well to poorly sorted, chemically
immature, medium noncarbonate sand (Plates 2, 43, 47). Petrographically 
dominated by subhedral calcic plagioclase crystals and sometimes even 
including occasional uncorroded biotite crystals, but always with some 
subangular to rounded feldspars and lithoclasts; carbonate bioclasts 
small and rare but minor micrite or calcisilt normally included (Plate 
48). Colour purplish when fresh, weathering rusty. Both basal and upper 
boundaries of beds originally sharp and planar but junctions often 
blurred and internal sedimentary structures poorly discernable as a 
consequence of high burrowing activity (BI 3-5). A few better-sorted 
examples show traces of normal grading, but poorly sorted ones ungraded 
or even showing traces of inverse grading at their bases. Best preserved 
examples have suffered early silicification.
Palaeontology: No indigenous biota at time of deposition, but effective
in swamping echinoid infauna of underlying beds (See ANT[I2]). Not 
subsequently colonized by echinoids but in some cases extensive 
burrowing indicates considerable post-depositional biological activity. 
Minor microbioclastic material includes planktic foraminifera, 
undeveloped benthic rotalid proloculi, textularids, fragmentary 
ostracods and echinoid spines.
Best Seen: Dums Point, Long Bay, Guard Point.
Associations: Overlying and overlain by ANT[H3] or ANT[I].
Inferred Environment: Unchannelled bank slope below level of storm wave
reworking and equivalent to the distal mid-fan environment of 
siliciclastic submarine fan models. Normally-graded examples probably 
comprising the Ta divisions of turbidites generated by storm surge ebbs. 
Such beds are known to extend as much as 15km offshore even on the 
low-sloping bottom of the present day Gulf of Mexico (Hayes, 1967). 
Ungraded, poorly-sorted examples probably deposited from fine debris 
flows analogous to those of ANT[J1]. Although primary internal 
sedimentary structures may be destroyed by biological reworking, but 
beds themselves often remain discrete, presumably because burrowing 
organisms adapted to coarse sand were unsuited to penetrating the finer 
sandwiching pelletai silts and vice versa. Importance of fresh subhedral
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feldspars and occurrence of uncorroded biotite indicates that main 
sources of siliclastic components were very fresh, unconsolidated and 
perhaps parautochthonous pyroclastics, although the rounded lithoclastic 
material indicates terrigenous sources also contributed. Included 
microbioclastic material probably entrained locally by passing flow.
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7.4 Volcanogenic Material in the Antigua Formation
Insoluble residue studies show that non-carbonate material is an 
important lithological consituent within the Antigua Formation (Theis, 
1980). Occasionally this is still preserved in segregated beds, but for 
the most part it has been reworked in the shallow marine environment and 
is mixed with autochthonously generated carbonate sediments. It can be 
extremely useful to facies interpretation, frequently picking out 
otherwise invisible sedimentary structures. Both weathered epiclastic 
material and air-fall pyroclastics are represented.
The most obvious examples of epiclastic material in the Antigua 
Formation are large floating igneous pebbles notable in ANT[G], ANT[H], 
and ANT[J1]. Pebbles are dominantly of fine-grained igneous rocks and 
were often considerably weathered before redeposition. Mineral 
deterioration generally prevents detailed pétrographie identification, 
but a number of different lithologies seem to be represented, suggesting 
a substantial emergent island. The chert and silificied wood fragments 
abundant in the Cassada Garden Gravels are entirely absent within the 
Antigua Formation proper, suggesting that these strata were no longer 
available for erosion. Pebbles are typically well-rounded and 
subspheroidal rather than oblate, which is suggestive of fluvial rather 
than shoreface rounding, although some examples show evidence of long 
term submarine exposure in the form of concentric coralline algal 
encrustation (Plates 31, 32). The importance and character of epiclastic 
material at any particular depositional site probably depended on the 
rate of terrestrial erosion, distance from land, and, in slope 
environments, the proximity of suitable feeder channels.
Theis (1980) denied the existence of direct pyroclastic fallout 
deposits in the Antigua Formation, but the local abundance of fresh, 
angular, subhedral, monocrystalline plagioclase feldspar grains and the 
occurrence even of occasional biotite crystals suggests that this was 
not the case. Certainly direct fallout beds have typically been 
dispersed by local submarine reworking, but periods of pyroclastic 
activity provide the best marker horizons within the Antigua Formation. 
Actual airfall pyroclastic imput does not depend as highly as epiclastic 
imput on local bottom topography and currents. At least some of the 
smaller physically and chemically immature lithoclasts seen within 
ANT[F], ANT[G] and ANT[H] may also have reached their present location
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by fallout from minor eruptions, albeit being subsequently reworked.
In settings where clastic imput is substantial it can be a 
significant controlling factor on ecological patterns, especially of 
benthic organisms. These are normally the principal environmental 
modifiers as well as the main sediment producers in shallow tropical 
seas. Moreover they generally require a sedimentologically substantial 
time period to build up their populations after any catastrophic event. 
Because of this time delay clastic influx may control long term 
environmental patterns to a far greater extent than might at first seem 
justified from their volume alone. Hayward (1982) has demonstrated that 
under clastic sediment stress any unusual event which damages a 
previously successful reef community may result in its displacement. 
Examples of such events may be as diverse as physical storm damage, 
biological plagues or of course sudden sediment swamping. His work dealt 
with fluvial examples. Judging by its high non-carbonate content, and 
clear evidence of swamping the Late Oligocene Antigua Bank was a whole 
carbonate platform under high clastic sedimentation stress. It may be 
partially for this reason that large scale reefs are nowhere developed 
in the Antigua Formation, allowing relatively high energy grainstones 
and packstones to predominate throughout the unit. By trapping reef 
development at a pre-domination stage this may also account for the high 
coral diversity observed in the Formation by Frost & Weiss (1979).
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7,5 Summary of Facies Relationships and Echinoid Palaeosynecology in 
the Antigua Formation
Generalized palaeoenvironmental variation over the present day 
exposure of the Antigua Formation is summarized in text-figure 13. The 
observed pattern largely reflects an original onshore/offshore 
transition from southwest to northeast. Contrary to Frost & Weiss (1979, 
figure 3) and Theis (1980, figure 31), there is nowhere any evidence for 
shallow-water bank top facies passing vertically upwards into slope 
facies. Even the thick succession on Piggots Hill retains a bank top 
character throughout. The Oligocene bank edge appears to have paralleled 
the line of the North Antigua Monocline, suggesting that the underlying 
structural control on this was already in operation. Detailed 
palaeogeographic relationships between the depositional environments of 
the various facies distinguished in the Antigua Formation are summarized 
in text-figure 14. Text-figures 15 and 16 similarly illustrate original 
palaeobathymetric relationships between facies. The first shows the 
pattern where a marginal reef is well-developed, allowing the bank edge 
to build up almost to sea level and ensuring that the upper part of the 
bank slope is steep, probably with a sedimentary dip of over 4 degrees. 
The second shows the pattern where large-scale buildups are absent, the 
sea bed at the bank edge lying below fairweather wave base and passing 
out into an upper bank slope whose sedimentary dip was probably less 
than 4 degrees. The echinoid palaeosynecology of facies and subfacies 
distinguished herein is summarized in Table 1, and related to the 
Standard Facies Belts of Wilson (1975) in Table 3. Overall geohistorical 
development of the Barbuda Bank is summarized in text-figure 54, within 
the context of a generalized model for volcanic arc islands.
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faciès titles abbreviated to specific 
designation only, ^
e.g. ANT A1 becomes A1
O h
allochthonous non-carbonate material occurring 
as thin isolated beds in all bank slope facies
12Figure 1 4
Summary of depositional palaeogeographic 
relationships between sedimentary facies 
of the Antigua Formation
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7.6 Diagenesis in the Antigua Formation
Diagenetic patterns are often dependant on geotectonic setting 
and original environment. Indirect effects related to sediment sorting 
or composition may occur long after deposition and are not themselves 
significant indicators of depositional environment (though often 
determining the subsequent availability and preservation of fossils as 
in ANT[H2]). In contrast, syndepositional diagenesis may be an important 
environmental modifier, controlling the original distribution of both 
infaunal and epifaunal echinoids. Early burial diagenesis, such as 
chertification, taking place well below the sediment surface does not 
directly reflect depositional environment, but can indicate 
contemporaneous subsurface hydrogeology and water chemistry, which in 
turn depend on regional subsurface geology, topography and terrestrial 
climate.
Syndepositional carbonate diagenesis has already been discussed 
in the context of sedimentary environment and requires little further 
treatment here. Isopachous non-ferroan rim cements of early marine 
origin are often discernable within coarser grained bioclastic sediments 
and in intragranular pores. Other common indicators of syndepositional 
lithification include intraclasts (often discernable only by 
encrustation in shallower water facies), pellet discreteness and 
ichnological/deformational evidence for sediment strength. Not 
surprisingly its importance was greatest in tranquil environments where 
long intervals of non-deposition separate depositional events, as is the 
case for deeper slope facies. Though often beginning before completion
-to
of dewatering, it rarely imparted suffirent strength^prevent 
crushing/rotation of included fossils or component pellets. Frost &
Weiss (1979) suggest that almost synsedimentary cementation may account 
for the supposedly greater hardness of the Antigua Formation along the 
coast between Weatherills and Boon Points and along the north side of 
Willoughby Bay. Since these sections include practically every 
sedimentary facies distinguishable in the Formation, such a global 
explanation is difficult to accept. The hardening in them is actually 
rather patchy and mainly of epidiagenetic origin, being most extreme in 
well—sorted bioclastic grainstones which allowed the passage of 
groundwater.
Early burial modification in the Antigua Formation includes
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neomorphic replacement of aragonite by calcite, selective silicification 
and formation of dusty ferroan calcite spar cement, often as syntaxial 
overgrowths on echinoderm bioclasts. Only very rarely are corals 
preserved as empty or drusy-spar filled moulds, though both are seen at 
Tyrells Quarry, where solution presumably took place during phase of 
early subaerial exposure. Silicification is greatest at the base of the 
Antigua Formation (adjacent to the Central Plain Group) and in bank 
slope facies (see ANT[H] and ANT[I]), but may occur locally in 
association with pyroclastic beds elsewhere. Although whole rock 
silicification and chert nodule formation occur in distal slope facies 
(Plates 44, 45, 47), silicification in shallower environments is 
normally more selective, preferentially affecting corals, oysters and 
pectinids (Plate 40). Nowhere in the Antigua Formation is it 
specifically associated with hot springs as previous authors such as 
Theis (1980) have suggested. Its occurrence at the base of the Formation 
and associated with pyroclastic beds within it probably reflects the 
local deterioration of fine, chemically unstable volcanogenic material. 
Its wider importance in bank slope facies, where silicified limestone 
and chert nodules often occur in the absence of local pyroclastic beds, 
may be related to mixing of silica-rich terrestrial groundwaters with 
those fully marine and correlate with the total absence of dolomite, as 
described by Knauth (1979).
Late burial modification, notably the occurrence of stylolites 
and ferroan calcite veins, is of relevance here only as an indicator of 
previous overburden thickness. Though the development of these features 
is highly dependant on porewater chemistry, the former are normally 
considered to indicate at least 150m of overburden and the latter at 
least 300m (Longman, 1981). The commonness of the former but relative 
rarity of the latter above the base of the Antigua Formation support 
vertical thickness estimates of around 350m, originally arrived at on 
the basis of other parameters (see 7.2).
Epidiagenetic effects such as karstic solution and speleothem 
deposition have already been briefly discussed in Section 2. Part of the 
explanation for the relatively low resistance of the Antigua Formation 
to weathering and it poor potential for karstic diagenesis seems to lie 
in its low permeability and high non-carbonate content. Aside from the 
deposition of coarse blocky non-ferroan calcite cement in some fossil 
moulds, the most important epidiagenetic rock modifications are
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sericitization of feldspars and hydration of ferromagnesium minerals. 
These processes may affect individual grains or segregated units. On a 
large scale they can lead repectively to the formation of clay beds, 
such as the ’’Elliot’s Fireclay” mapped by Martin-Kaye (1959), and to the 
creation of recessed rusty horizons (as seen in Plates 2 and 43). Both 
these processes are inhibited where extensive cementation or 
silicification prevents significant water access from the surface (Plate 
47, 48) while absence of oxygen may also restrict decomposition of 
ferromagnesium minerals at depth (Plate 18, figure 1).
- 125 -
Chapter III
Geology, Sedimentology and Palaeontology of the Anguilla Formation
1. Introduction to the Geology of Anguilla
The Anguilla Bank bears the northernmost major land masses of 
the Outer Leewards Islands (text-figures 2, 3). The main physiographic 
characteristics of the islands rising from it are, like those of 
Antigua, controlled by underlying geology. Volcanogenic deposits outcrop 
extensively on St Barthélémy and St Martin producing elevations over 
300m and 400m respectively (text-figure 17; plate 56, figure 1). They 
consist mainly of reworked volcaniclastics with minor interbedded 
limestones which allow them to be dated as Middle Eocene (Christman, 
1953). In contrast, the mid-Tertiary limestones outcropping on St 
Martin, Anguilla and a number of smaller islands such as Tintamarre form 
low lying regions with elevations rarely exceeding 70m. They have been 
variously known as the Anguilla Formation, Simson Bay Limestone or 
Formation, Low Lands Formation and Tintamarre Formation, depending on 
outcrop location. Small outcrops of contemporaneous limestones have even 
been reported on St Barthélémy, though these have never been formally 
distinguished from the Low Lands Formation. On lithological, faunistic 
and chronostratigraphic grounds all have long been recognized as lateral 
variants of a single stratigraphie unit (Cleve, 1871; Spencer, 1901b; 
Vaughan, 1919, 1926; Drooger, 1951; Christman, 1953). Since this unit 
was first described and formally named on Anguilla, where it is also 
best exposed, the name Anguilla Formation has precedence (see Section 
5). The key of Sombrero is composed of coraliferous limestones which 
have been considered contemporaneous with those of the Anguilla 
Formation (Julien, 1867; Bracewell, 1955; Hoffstetter 1956b). Since the 
Sombrero and Anguilla Banks are today separated by water over 550m deep 
it is most unlikely that the outcrops of these limestones were ever 
continuous and they will be treated separately here. Complete 
stratigraphie and palaeontological biobliographies for the Anguilla 
Formation are given in Appendix D, together with a summary of important 
cartographic sources. The locations of the most important localities 
discussed are given in text-figures 17 and 18.
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2. Local Geography and Geomorphology of Anguilla
Anguilla and the closely associated, but uninhabited, smaller 
islands cover a total area of some 77.5 km2, of which Anguilla itself 
accounts for some 70 km?. Named for its elongate eel-like shape, it 
extends around 26 km from east to west but reaches a maximum width of 
less than 5 km (text-figure 18). Its physiographic profile is 
essentially wedge-shaped, a shelving southerly coastline (Plate 49, 
figure 3) rising to a series of steep bare cliffs in the north (Plate 
50, Plate 67, figure 2). Gliff profiles are mainly talus-free at the 
present day and range from Ba to Be in the classification of Emery &
Kuhn (1982), the Bb category being by far the most common. They indicate 
the predominance of active marine erosion and the almost universal 
existance of a particularly resistant cliff top capping, over a more or 
less homogeneous Anguilla Formation. Rotational landslipping related to 
the physical incompetance of the Anguilla Formation, is seen on a small 
scale in many cliff sections (Plate 50), and seems on a larger scale to 
have been responsible for the existence of the Grocus Bay Undercliff. 
Vertical rock faces exposed subaerially along the northern coast 
frequently show coarse honeycomb weathering associated with salt 
crystallization damage (see Mustoe, 1982), the destructive effects of 
which are obvious in hand specimen, and a major problem as regards the 
preservation of Anguillan fossil material. Negligible alluvial 
deposition means that even in the low southern areas the coastline is 
predominantly rocky. Details of coastal geomorphology are often 
controlled by small scale faulting. This has produced small rectilinear 
embayments, arches and sea caves immediately east of West End Bay and 
Mead Bay, and abruptly terminates the line of the coast on the west side 
of Flat Gap Point. Rocky shore platforms, whether in karstified Anguilla 
Formation or, more typically, in cemented Plio-Pleistocene beachrock, 
invariably possess a profile resembling the Type I rocky shore of 
Semeniuk & Johnson (1985), though generally in the latter case with more 
extreme "spitzkarren" microtopography.
Inland the most notable geomorphological features of Anguilla 
are a number of dry valleys and distinctive closed depressions such as 
those of The Valley, Cauls Pond, Badcocks Pond and School Pond 
(text-figure 18). The existance of large caves along the north coast, 
notably at Katouche Bay and Little Bay (Plate 51, figure 2), and inland 
along the northern margin of Badcocks Pond, suggests these depressions
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may have a cavern collapse origin. Some supporting evidence for this 
interpretation exists in the form of borehole records for water wells 
drilled in The Valley. These all appear to pass down at relatively 
shallow depths from more or less stratified limestone into "clay and 
boulders" (Pollit, 1971). Cavern collapse may also have played a part in 
the origin of the Crocus Bay Undercliff. In view of the relatively poor 
cave generating potential of most tropical groundwaters (see Tricart, 
1972, p.43), these large structures must be relicts of a time when the 
runoff from a much more extensive Anguilla Banks Island passed through 
the region. Contemporary bathymetry indicates that the whole of the 
Anguilla Bank would have been emergent during the last glacial epoch, a 
necessity to support large populations of the almost bear sized 
Pleistocene rodent Amblyrhiza inundata described by Cope (1868), even 
if, as Foster (1964) and Lomolino (1985) have pointed out, rodents tend 
to exhibit larger body size on islands than on the mainland. More 
destructive subaerial flooding during the late Neogene is also indicated 
by thick wedges of reworked Anguilla Formation debris in superficial 
flash flood deposits at the seaward ends of valleys and covering parts 
of some undercliffs (see Section 3 and Plate 55, figure 1). No cave 
systems appear to be actively developing at the present day, nor is 
there any evidence of substantial recent dripstone formation; guano is 
accumulating in most of the chambers examined. Permanent surface 
watercourses are likewise absent, though temporary flood channels are 
discernable on many hillsides. Jointing in the Anguilla Formation is 
rather poor, a characteristic which hinders the downflow of water 
(Wright, 1970), partially accounting for the continuity of the limestone 
pavement inland and the significance of temporary flooding after 
rainfall. The other factor responsible for this is the almost universal 
development of a thick and almost impermeable vadose calcrete cap over 
the island’s surface (Plate 52). This is composed largely of massive 
highly-cemented bedrock duricrust, but it may include a few millimetres 
of laminar calcrete at its surface. The formation of such calcretes is a 
characteristic feature of limestone weathering in the tropics, a 
consequence of high surface dissolution followed by rapid subsurface 
reprecipitation from descending groundwater. In contrast to the warm 
temperate vadose calcretes described by Semeniuk & Searle (1985), the 
Anguillan examples are massive not rhizoconcretionary. Diagenetic 
effects completely dominate original lithological variation within this 
surficial layer, almost entirely obscuring depositional bedding. The cap 
has an undulating base, its thickness ranging from negligible to 1.4m in
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the sections examined. Its base probably corresponds to the depth below 
which drilling fluid is lost when attempting to drill water boreholes 
through the Formation, invariably less than 4.6m (Murray Pollit, 
1971). In bearing capacity it greatly outperforms the less cemented 
underlying material, a characteristic which has resulted in the survival 
of bell caves such as the Fountain Cavern (south of Shoal Bay) and is of 
considerable importance as regards large building projects on the 
island. Numerous rounded solution cavities may occur within and 
immediately below this surface layer, sometimes lined or filled with 
brownish secondary calcite either as spar or calcareous tufa 
speleothems, but often containing ferruginous earthy material produced 
by local disolution of the rather impure limestone matrix. Such terra 
rossa deposits consitute the main soil resources of the island and may 
extend downwards along fissures to depths of 4-6m in core sections. They 
indicate moist tropical conditions with rainfall levels high enough to 
cause downward leaching of soluble rock components, but not sufficient 
to creat substantial laterites or authigenic cuirasses such as seen over 
Oligo-Miocene limestones on Jamaica. The presence of displacive nodular 
caliches within these deposits, as ovoidal glaebules up to 50mm in 
maximum dimension (Plate 55, figure 2), probably reflects the more arid 
conditions of the last glacial period and not recent increases in 
aridity as a result of human interference (see Bonatti & Gartner, 1973, 
and Bradley, 1985).
Both in the existence of extensive calcretes and the importance 
of large scale caverns the diagenetic/geomorphologic characteristics of 
Anguillan limestones differ strikingly from those of Antigua. In part 
this seems to be a function of their greater purity; the high 
volcanoclastic content of many Antiguan limestones reducing both primary 
and secondary porosities and preventing such effective cementation, or 
indeed dissolution. Consequentially unconstrained bearing capacities in 
the limestones of the Antigua Formation are generally low, causing 
maintenance, as well as formation, of cavern systems on that island to 
be unlikely. In contrast the Anguilla Formation is almost pure carbonate 
and for the most part possessed substantial primary porosity. As a 
result it was subject to extensive meteoric diagenesis on uplift, 
allowing effective consolidation and maintenance as well as formation of 
solution features. In addition the geographic location of Anguilla close 
to its bank’s edge and immediately above an impermeable stratum must 
have concentrated water throughput there to a much greater extent than
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was the case for the Antiguan succession.
Coastal areas of Anguilla and associated islands are often 
blanketed with Pleistocene or Recent beachrocks, sometimes over a 
platform more than 10m wide (Plates 50, 51-54). Most of these appear to 
have formed at a time when sea levels stood somewhat higher than at the 
present day; the few sea level examples seen, in Shoal Bay, in Savannah 
Bay, and on the south coast of Tintamarre, are being eroded at the 
present day (Plate 56). Being well sorted, they are very susceptible to 
continuing vadose cementation when exposed subaerially, often becoming 
almost as hard and featureless as the diagenetic cap over the Anguilla 
Formation inland. Exposure on coastal platforms may be further obscured 
by development of a distinctive, highly sculptured, marine karst 
microtopography, especially in rocks of relatively uniform lithology 
(Plate 53). This may extend several metres above sea level and is 
characterised by weathering into a maze of very sharp scalloped/fluted 
ridges and pinnacles, separated by narrow clefts and often having more 
than 40cm of relief. Following the classification of Allen (1982, vol.2, 
p.207), these features would be described as coastal spitzkarren covered 
by second order rillenkarren and third order cockling. In some places, 
e.g. on the east side of Blackgarden Bay, flat level bottomed salt pools 
or "kamenitzas", 0.5 to 3m in diameter and up to a metre deep, may be 
developed within the pinnacled marine karst platform, giving this a 
total dissolutional relief that approaches 1.5m. Both microtopographies 
are often associated with a grey to black organic film and may be partly 
biokarstic in origin (sensu Viles, 1984), sometimes resembling the 
"phytokarst" of Folk et al. (1973). As is the case where calcrete 
development occurs inland, original bedding characteristics become 
almost indiscernable, a problem which further limits the examination of 
marine platforms in eastern Anguilla and on Scrub Island. A few 
platforms, for example those on the east side of Limestone Bay, display 
calcrete-lined potholes and solution pipes similar to those described by 
Semeniuk & Johnson (1985). These are generally associated with veneers 
of iron oxide, cemented terra rossa deposits that sometimes contain 
clasts of the host rock.
A number of fine unconsolidated sandy beaches exist in 
embayments along both the northern and southern coasts of Anguilla, 
though rubbly boulder beach predominates beneath the cliffs of Crocus 
and Katouche Bays. Except at the northern end of Crocus Bay where
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volcaniclastic material outcrops, Recent beach material is entirely 
carbonate. Back-beach sands are rare; except during hurricanes, winds 
are not severe enough to cause deflation, and during these rain 
neutralizes their action. Contemporary biology has been summarized by 
Harris (1965).
On St Martin the local equivalent of the Anguilla Formation, 
described by Christman (1953) as the Low Lands Formation, forms most of 
the low lying region around Simpson Baai Lagoon and also composes the 
offshore island of Tintamarre. These deposits are separated from those 
of Anguilla by a channel some 5km wide but rarely more than 20m deep.
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3. Superficial deposits of Anguilla
Two types of superficial deposit, rubble rudstones and 
beachrocks, have often been included within the Anguilla Formation by 
previous authors. To aid their recognition, and put an end to this 
confusion, they are briefly described here, as well as the present day 
sedimentation patterns around the island.
3.1 Mechanically Deposited Rudstones Composed of Reworked 
Anguilla Formation Rubble
The most difficult superficial deposits to distinguish 
lithologically from the Anguilla Formation are extensive wedges of 
rudaceous clast supported limestone rubble with textural interstices 
filled by reddish ferruginous mud (Plate 54, figure 2; Plate 55, figure 
1). Presumably to account for its abundant Lower Miocene fossils,
Vaughan (1926) included an exposure of this deposit as "Bed 6" within 
his composite type section for the Anguilla Formation. As late as 1970, 
Wright considered similar deposits to have been formed by deep dui situ 
weathering of the Anguilla Formation.
Limestone rubble deposits are best developed and most extensive 
where the main cliff of the Anguilla Formation lies far back from the 
shore, notably behind Crocus, Bendig and Long Bays, and in the mouth of 
the Katouche Valley. Included clasts consist entirely of reworked 
Anguilla Limestone and normally range in maximum dimension from 2-400mm, 
with occasional examples up to 2m. Unencrusted, they are mainly 
subspheroidal and subangular, but include occasional very well-rounded 
pebbles, the latter generally ovate, 10-50mm in maximum dimension, and 
frequently surface reddened or blackened. No preferred clast orientation 
is recognizable. A wide range of original microfacies is present. 
Reworked fossils, either loose or in limestone blocks, include 
Clypeaster concavus, corals as external casts, internal casts of 
gastropods in sparry calcite, and even an internal cast of a spatangoid 
with only residual test preserved. Specimens are generally chipped and 
scratched rather than heavily abraded, echinoid tests often showing 
breakage along calcite cleavage planes and with a distinct test infill 
indicating that the rock from which they were derived was already 
well-lithified. No evidence of any indigenous fauna either as body or
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trace fossils. Medium to thick beds are distinguishable by clast size 
variation, those composed of finer material generally being planar, 
while coarser units are often lensoidal (Plate 54, figure 2). Vadose 
diagenesis has affected these rubble deposits in much the same way as 
undisturbed Anguilla Formation, creating a hard surficial calcrete cap, 
below which the rock remains relatively soft.
Inferred Environment: The absence of any indigenous fauna, the
angularity of most clasts, and the ferruginous matrix, identify these 
deposits as terrestrial mechanical accumulations. Sedimentary structures 
revealed by clast size variation, and the inclusion of rounded pebbles 
render untenable Wright’s (1970) mechanism for formation by in situ 
solution. The limited rounding of most clasts, despite their softness 
and limestone composition, suggests a talus origin with little 
subsequent transport. Size sorting and sedimentary structures rule out a 
direct talus slope or cavern collapse origin. Lensoidal bedding, 
suggesting braided channel deposition, and particularly thick 
development at the seaward ends of valleys, suggest flash flood 
transport in a subaerial coastal fan. Small well-rounded surface 
reddened and blackened pebbles were clearly modified by much longer 
periods of subaerial transport, probably in fully terrestrial and 
supratidal marine environments respectively, accepting the 
generalizations of Wilson (1975) and Strasser (1984). Interestingly, no 
beackrock fragments occur, supporting the stratigraphie evidence that 
beachrock formation was restricted to a later stage in the history of 
the island.
Related Deposits: It is probably from higher level fissure fills of
similar morphology that Cope (1868, 1869, 1883) obtained his Anguillan 
specimens of Amblyrhiza; although he describes his source as a "cave 
deposit", no true caves seem to occur at his Flat Cap locality today. 
Fissure fills are well exposed, however, both there and further east 
along the coast.
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3.2 Ancient Raised Beachrock
Ancient beachrock deposits on Anguilla are easily recognized by 
their close relationship to the contemporary coastline and invariably 
seaward dip at approximately 6 degrees (Plate 50, Plate 51, figure 1; 
Plate 53, figure 3). The angular unconformity of the beachrock ramps on 
the Anguilla Formation is best seen along the north coast of the island 
where the two dip in opposite directions. One of the best exposed 
examples, that forming Road Point, is at least 4m thick and extends at 
least 8m above sea level, indicating substantially higher sea levels 
than at the present day. This also shows clear low-angle cross-bedding 
and appears to be composed of very well sorted medium-sand ooliths 
(Plate 54, figure 1). Accumulation probably took place during a glacial 
epoch when southward migration of the subtropical high increased marine 
salinities in the area. Martin-Kaye's (1959) suggestion that Scrub 
Island was composed entirely of these deposits has been disproved by the 
discovery of exposures of distinctive Anguilla Formation Facies ANG[C] 
beneath the beachrock cover along its northern coast, confirming earlier 
fossil evidence recorded by Etheridge iji Sawkins (1869).
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3.3 Contemporary Beach and Sublittoral Deposits
In contrast to the raised beachrocks of Plio-Pleistocene age, 
modern littoral sands around Anguilla are exclusively bioclastic. They 
form well-developed beaches in bays right around the island’s coast and 
extensive inland dunes behind Captains Bay at the eastern end of the 
island. Sand spits frequently isolate coastline reenetrants as 
hypersaline ’’salt ponds" (text-figure 18; Plate 51, figure 3). On the 
north coast of the island a fine gravel spit is also building out from 
the eastern end of Shoal Bay. Few contemporaneous beachrocks appear to 
be developing, though eroding sea level examples in Shoal Bay, in 
Savannah Bay and on Tintamarre are clearly of Recent origin, some still 
containing aragonitic coral pebbles (Plate 56). Only along shorelines 
where large volumes of loose rubble are available, as is the case behind 
Crocus Bay, are pebble/boulder beaches presently developed. In these 
cases, fossil morphology plays a considerable part in determining pebble 
size and shape since the matrix of the limestone is rather soft and 
easily eroded. This sometimes suits them to particular local uses.
Common washed-out specimens of Echinolampas lycopersicus (see Plate 66, 
figure 2) are often collected for use as sling projectiles by the 
island’s children, and locally known as dovestones. Similarly, loose 
specimens of Echinolampas semiorbis are among the the most common, and 
aesthetically pleasing, doorstops in the Crocus Bay area. Present Day 
offshore sedimentation patterns on the North Anguilla Bank, knowledge of 
which proved useful in the interpretation of mid-Cenozoic deposits, are 
described in Appendix E.
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4. Structural geology of Anguilla
Both geomorphology and structural measurements suggest that the 
Anguilla Formation is subject to a more or less uniform low southerly 
dip over the whole of the island. Although the northern part of the 
Anguilla Bank seems little affected by folding, the exposure of 
sub-Anguilla Formation elastics in Crocus Bay, and maximum land height 
in this region, are probably attributable to a gentle north-south 
trending anticline passing through the centre of the island. Indistinct 
bedding, poor exposure and small amplitude of the structure do not allow 
total rejection of block faulting as an alternative hypothesis, but the 
gentle apparent dip of strata in the Katouche Cliffs speaks against it. 
High-angle normal faulting is extensive, but generally small scale and 
discernable only along coastal outcrops where it may control local 
geomorphology. In western Anguilla, where minor faults can be examined 
in raised foreshore platforms, there is a tendency to east-west strikes 
and northward downthrows, but this is by no means universal and the many 
faults in the Flat Cap to Katouche Bay area seem to run north/south. 
Strata are frequently rotated to a higher dip angle while spary calcite 
linings often indicate that dislocations have been opened by tension at 
shallow depths, allowing them to act as conduits for meteoric water. In 
western Anguilla shallow rotational faulting can even cause local 
reversal of Formation dip. Larger scale faults between Dog Island and 
Anguilla, and between Anguilla and Tintamarre, are suggested by the 
repeated exposure of the base of the Formation in all three locations 
despite consistent large scale dips. Sudden downfaulting also seems the 
most plausible explanation for the sudden termination of the North 
Anguillan coast. The few measurements made on the basal Pelican Point 
Formation, at Pelican Point itself, indicate these strata have a similar 
strike to the overlying Anguilla Formation and dip in the same 
direction, but apparently at a higher inclination. Since comparable 
differences in the dip of the Anguilla Formation, both in degree and 
sense, are seen across similar faults, little large scale significance 
can be attached to this observation. Conformable dips at the back of 
Crocus Bay, and the occurrence of typical Pelican Point Formation 
lithologies within the basal Anguilla Formation right along the north 
coast of Anguilla strongly suggest that it is an artefact of Recent 
shallow rotational faulting, as is indeed suggested by the very 
existence of the Crocus Bay Undercliff.
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On Anguilla itself jointing and calcite vein development are 
well seen within the more competent lithologies of the Pelican Point 
Formation, particularly its well-cemented calcareous mudstones and 
lignites, and in the intrusive bosses of Road Bay. This is likely to 
reflect petrophysics rather than structural history since similar 
development is seen in some more highly cemented Anguilla Formation 
limestone on St Martin, and, according to Martin-Kaye (1959), on Dog 
Island.
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5. Stratigraphie Nomenclature of the Anguilla Formation
Both Cleve (1871) and Spencer (1901b) described the general 
geology and stratigraphy of Anguilla, but Vaughan (1918a, p. 271) was 
the first author to propose a formal stratigraphie name for the 
limestone sequence making up the bulk of the island. Describing it as 
the Anguilla Formation, he nominated a type section along the south east 
and south shore of Crocus Bay and named a number of characteristic 
fossil taxa, but provided little in the way of stratigraphie 
description. This regretable brevity was partially remedied by Vaughan 
(1919, p.209, 262), and the type section amended to the south and west 
sides of Crocus Bay. Following his concepts the Formation corresponds to 
"Unit 2" of his composite section, approximately 200ft (60.96m) of more 
or less argillaceous coral rich limestone. His section indicates that it 
is bounded basally by c. 5ft (1.52m) of terrigenous elastics, and above 
by 60ft (18,29m) of hard, coral rich limestone.
Earle (1925), in the most substantial geological field study of 
Anguilla published to date, disagreed strongly with much of Vaughan’s 
stratigraphie section. He quite correctly pointed out that the 
terrigenous clastic section exposed at Pelican Point actually has a 
thickness of well over 5ft (1.52m); his minimum estimate of 180ft 
(54.86m) is much closer to that of the present author. This substantial 
and well exposed sequence of calcareous mudstones, epiclastic 
conglomerates and sandstones forms a very distinct stratigraphie unit, 
formally described as the Pelican Point Formation in Appendix F and 
illustrated in Plates 57-59. Contrary to Vaughan (1919) it is not seen 
to overlie basic igneous rock, nor is its contact with the Anguilla 
Formation actually exposed, although a more or less conformable 
sedimentary succession seems likely (see Section 7). Earle’s other 
objection, that Vaughan (1919) grossly underestimated the thickness of 
his "Unit 3", is much less well-founded. Neither author seems to have 
recognized that the hard cavernous limestone forming the top of the 
Crocus Bay Section, and the surface of the island inland, is not a true 
stratigraphie unit. Careful examination shows that it crosscuts 
depositional bedding and is a product of relatively recent subaerial 
diagenesis (see Section 2). That it appears to constitute the whole of 
the cliff on the west side of Flat Cap Point is a consequence of 
groundwater penetration along the fault plane that controls the line of 
the coast, penetration that has produced spectacular caverns in this
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section (Plate 51, figure 2).
Vaughan (1926) provides the only published log purporting to 
show stratigraphie variation within the Anguilla Formation itself. 
Explicitly described as composite and approximate, this imaginative 
reconstruction attempts to impose order on the rubble exposed in a 
landslip. Not content to describe, as if in situ, isolated allochthonous 
blocks of Miocene limestone (e.g. "Bed 4", see Plate 55), he even 
includes much younger superficial deposits whose Miocene fossils were 
clearly reworked after lithification (e.g. "Bed 6"). His subsidiary 
section at "Little Harbour" also includes Plio-Pleistocene beach rocks 
as "Bed 2" within the Anguilla Formation..
It is clear that an improved statigraphic description of the 
Anguilla Formation is long overdue. The original type sections nominated 
by Vaughan are quite inadequate and their usage in this context should 
be abandoned. The thickest continuous section now available through the 
Anguilla Formation is that exposed in the cliffs behind Katouche Bay. As 
a neotype section this has the additional advantages of wide geographic 
extent (allowing assessment of local lateral facies variation), relative 
accessibility and closeness to the stated site of the original type 
section in Crocus Bay.
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6. Age of the Anguilla Formation
The age of the Anguilla Formation has been variously estimated 
as Chattian, Aquitanian, Burdigalian and Langhian. With the exception of 
Frost (1977a), who still favoured a Chattian-Aquitanian range, most 
recent authors have assigned the strata exposed on Anguilla itself to 
the Burdigalian (Martin-Kaye, 1969), possibly ranging down through the 
Aquitanian (Macsotay, 1971). Drooger (1951) considered the limestones 
exposed on Tintamarre to be significantly older than those of Anguilla, 
and probably Chattian in age. He came to this conclusion after 
identifying from Tintamarre, but not Anguilla, examples of Lepidocyclina 
cannelli and ]L. supera, as well as two "Antiguan" species of 
Qperculinoides. While morphological trends in Clypeaster are certainly 
consistent with their being of slightly greater age (Poddubiuk, 1985), 
the overall echinoid fauna of these strata is much closer to that of 
Anguilla than to that of Antigua, including the distinctive species 
Echinolampas semiorbis and Clypeaster concavus. Moreover, Lepidocyclina 
is no longer considered to have become extinct during Oligocene times; 
Beckmann considers it to have persisted in the Caribbean region until 
the late Burdigalian (Beckmann et al., 1981). Since the latest surviving 
species of Lepidocyclina in the eastern Caribbean also seem to be small 
forms resembling or nonspecific with those inhabiting deeper forereef 
environments at earlier times, their absence from the Anguilla Formation 
on Anguilla itself, where palaeoenvironments are entirely reefal or 
lagoonal, is not surprising. Positive evidence that the limestones both 
of Anguilla and Tintamarre are actually Miocene is the occurrence in 
both of Miogypsina, a genus which only appeared within SPFZ N4, that is 
about the base of the Miocene (Beckmann in Beckmann et al., 1981). The 
occurrence of Sorites and Marginopora on Anguilla is another strong 
indication of Neogene age (Moore, 1964). Accepting recent range charts 
by Bolli et al. in Beckmann et al. (1981), records of Pyrgo murrhina 
within the lateral variants on the Formation on St Martin (Drooger,
1951) would suggest these deposits were laid down before SPFZ N5. The 
presence of Uvigera rustica in the same deposits indicates SPFZ N6 
deposition. Bold (1970) considered the Low Lands Formation on St Martin 
to be of late Lower Miocene or early Middle Miocene age. Taken in 
combination these data suggest the Anguilla Formation is of Burdigalian 
age on Anguilla possibly ranging down to Upper Aquitanian on Tintamarre 
(text-figure 5).
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7, Sedimentology of the Anguilla Formation 
7,1 Boundaries of the Anguilla Formation
Nowhere on Anguilla itself is the stratigraphie base of the 
Anguilla Formation exposed. Outcrops along the northern edge of Crocus 
Bay display a sequence of calcareous mudstones and subaqueously reworked 
volcanoclastics containing occasional oysters and echinoid spines. 
Another short section, visible in the middle of Crocus Bay after the
beach has been cleared by storms, displays a few metres of bluish, brown
and olive sands accompanied by sandy clays containing a disinctive 
lignite band with some rootlets. All these strata seem to be of
pre-Anguilla Formation age and are described herein as the Pelican Point
Formation (See Appendix F). In all exposures on Anguilla itself, their 
precise stratigraphie relationship to the Anguilla Formation is obscured 
by landslips and superficial deposits. However, hydrogeological drilling 
by a Royal Engineers team picked them up in inland boreholes and 
confirming that they directly underlie the Anguilla Formation. On 
Tintamarre the junction is somewhat better exposed and seems to be 
nodepositional/disconformable or perhaps even conformable (Plate 59, 
figure 2). In contrast, in Kool Baai on St Martin, the Anguilla 
Formation is seen to rest unconformably on the reworked pyroclastics of 
the Pointe Blanche Formation, a unit lithologically equivalent to the 
Central Plain Group of Antigua.
Along the north side of Road Bay the Anguilla Formation overlies 
a series of domelike outcrops in a heavily weathered fine-grained 
quartz-free igneous rock, generally identified in the past as a basalt 
(Martin-Kaye, 1959), although andesitic petrologies would yield much the 
same decomposition products. Their intrusive character is shown by the 
absence in the adjacent Anguilla Formation of any eroded igneous 
material, by general hardening of the juxtaposed limestone and by 
consistently rounded, boss-like, outcrop geometry. This indicates the 
continuation of minor igneous activity into Miocene times, despite the 
lack of evidence for subaerial pyroclastic deposits.
Direct evidence regarding the depositional termination of the 
Anguilla Formation is nowhere exposed.
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7.2 Thickness of the Anguilla Formation
The original stratigraphie thickness of the Anguilla Formation 
is impossible to calculate precisely on Anguilla itself, since its 
termination there is now topographic. Even an accurate estimation of 
minimum thickness exposed proves elusive; although normal faults are 
often visible, lateral facies variation and the absence of distinctive 
marker beds make precise displacements difficult to calculate. Vaughan 
(1919, 1926) originally estimated the thickness of the Anguilla 
Formation as around 200ft (61m) in Crocus Bay. This is undoubtedly too 
low, since he excluded the diagenetically altered top of the sequence as 
a separate stratigraphie unit. Earle’s (1925) estimate of 700-800ft 
(213-244m) for what is herein recognized as the Anguilla Formation is 
based on an extension of the same false premise (see Section 5). Since 
no vertical stratigraphie repetition is seen in any of the cliff 
sections, the location and vertical elevation of the highest point on 
the island. Crocus Hill, can also be used to calculate a minimum 
stratigraphie thickness, 81m, for the block exposing the base of the 
Formation in Crocus Bay. This agrees well with the 77m thickness of the 
type section, extending diagonally across the cliff between Katouche to 
Bendig Bay, the longest complete stratigraphie section on the island. 
Bold (1970) has suggested that the thickness of equivalent strata on St 
Martin is approximately double this (600ft=183m). While this is probably 
an overestimate, greater stratigraphie thickness would not be surpising, 
since the Cupecoy Bay sequence commences with bank slope rather than 
shallow reef sediments, as is the case for all the sections exposed on 
Anguilla. Only some 15m of mid-Cenozoic limestones are exposed above 
elastics on Tintamarre, apparently commencing with forereef and passing 
up to shallow reef/lagoonal facies.
7.3 Sedimentary Facies Analysis of the Anguilla Formation
Ten sedimentary facies have been discerned within the Anguilla 
Formation, three of which are further divided into subfacies. The reader 
is referred to Chapter II, Section 7.3, for the rationale behind their 
recognition.
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7.3.1 Facies ANG[A] Coralgal Reef
General Diagnosis: Characterized by taxonomically diverse coral fauna;
individual colonies frequently unrotated and presumably in life 
position, or grading laterally into such deposits over a scale of a few 
metres.
General Description: Units approximately tabular and up to 30m thick in
observed east-west sections. Composed of complexly interdigitating and 
intergrading coral framestones, bafflestones, bindstones, rudstones, 
floatstones and packstones (Plates 60, 61). Three subfacies 
distinguishable, as outlined below.
General Environment: Biological reef complex comprising numerous
individual coral colonies, coral knobs and small patch reefs separated 
by tracts of unbound sediment. Forming an energy and water flow barrier 
around the interior of the Anguilla Formation carbonate bank. Little 
internal relief. By analogy with Recent reefs on the Caribbean, 
including those of the contemporary Anguilla Bank, depth of deposition 
probably in the range 5-25m on Anguilla, perhaps extending as deep as 
70m (the approximate clearwater limit of hermatypic coral cover) where 
developed over bank slope deposits on St Martin. This is in agreement 
with earlier depth estimates on the basis of ostracod faunas by Bold 
(1970).
General Comparison to Other Successions: Very similar to facies ANT[A]
of the Antigua Formation, with particular affinities to ANT[A2] in 
lateral extent and exposed setting. Ecologically equivalent to Mosta Bed 
within LCLF on Malta, as described by Bennett (1980) and Rose (1981). 
Surprisingly Challis (1980) records no echinoids from this well-exposed 
and otherwise fossiliferous unit. Equivalent to SFB 5, Type II (ramps of 
reef knolls with intervening bioclastic sands) of Wilson (1975). Closely 
resembling the reef front of the contemporary Seal Island Reef to the 
North of Anguilla (see Appendix E). No equivalent observed of the 
Millipora-dominated reef crest seen in many Caribbean barrier reefs at 
the present day (Milliman, 1973; Appendix E). Since width of this zone 
typically very narrow relative to that of the forereef (10-30m compared 
to several kilometres in Seal Island Reef on the northern Anguilla 
Bank), lack of exposure cannot immediately be interpreted as total 
absence.
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Subfacies ANG[A1] Wave Resistant Ecological Reef
Description: Loose coral framestones and large scale floatstones in
which coral colonies are frequently unrotated (Plate 60, figure 1; Plate 
61, figure 1). Sediment surrounding individual coral colonies a poorly 
sorted coralgal debris floatstone in a heavily bioturbated, occasionally 
peloidal packstone or wackestone matrix. Coral growth form predominantly 
massive hemispherical or thickly ramose; macroboring activity apparently 
minor. Coralline algal growth forms laminar encrusting to much but 
finely branched mound (BD IV). Lateral boundaries of subfacies not 
marked by distinct talus deposits. Often difficult to distinguish from 
ANG[A3] in exposures too limited to display large scale sedimentary 
structures.
Palaeontology: Abundant and diverse coral fauna including Goniopora,
Porites, Montastrea, Siderastrea and Colpophyllia. Abundant epifauna 
including well-preserved examples of the sessile molluscs Ostrea cf. 
antiguensis, Hyotissa and Orthaulax, but only occasional damaged 
pectinids. Diverse gastropod fauna including Turritella, Strombus, 
Cypraea, ?Melania and ?Ampullina, all as internal moulds. Foraminiferal 
fauna rotalid-dominated; abundant Miogypsina cf. antillea. Sediment 
matrix including common spines, but very rarely tests, of Prionocidaris 
clevei and Tretocidaris anguillensis. Infaunal spatangoid fauna 
dominated by Schizaster clevei, Agassizia clevei and Brissopsis 
antillarum; tests well-preserved, those of the first two species often 
in life orientation and rarely showing any sign of encrustation. Rare 
Brissus exiguus. Available locality information suggesting this 
subfacies also the source of Anguillan Echinoneus cf. cyclostomus 
specimens in museum collections.
Best Seen: Katouche Bay West, Anguilla; Airport Quarry, St Martin.
Associations: Developed over ANG[A3] or, less frequently, ANG[A2].
Grading laterally into ANG[A3]. Generally passing up vertically into 
ANG[A4].
Inferred Environment: Ecological reef comprising a patchwork of low
relief coral knobs and patch reefs. Subject to slight/moderate wave 
generated bottom turbulence during fairweather periods, becoming 
moderate/strong during minor storms (looseness of frame; coral and
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coralline algal growth forms; absence of flanking talus wedges; mud 
content and resistance to physical reworking of matrix). Water depth 
5-20m.
Inferred Echinoid Palaeosynecology: Prionocidaris and Tretocidaris 
epibenthic, probably grazing algal mats rather than living coral. 
Spatangoid infauna confined to interhead sands, with preservation 
suggesting Brissopsis antillarum was the shallowest burrowing, with 
Schizaster clevei and Agassizia clevei somewhat deeper and generally 
protected from reworking.
Comparison to Other Successions: Approximately equivalent
environmentally to ANT[A2] of the Antigua Formation, differing 
palaeontologically in the total absence of large spined Phyllacanthus 
and the occurrence of several infaunal spatangoids (which probably 
reflects the looseness of the framework). Directly comparable to Recent 
reef-front environment examined north of Seal Island Reef, Northern 
Anguilla Bank and the living coral/bare sand bottom of the reef 
environment described by Kier & Grant (1965). Echinoid fauna differing 
most strikingly from that of the modern Caribbean in the apparent 
absence of euechinoids analogous to the Recent species Diadema 
antillarum, an omission that probably reflects the poor preservation 
potential of this fragile light-tested species.
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Subfacies ANG[A2] Laminar Coralgal Boundstones
Description: Coralgal boundstones with a packstone matrix (Plate 60,
figure 1). Characteristically forming thin to thick tabular units, 
nonerosionally overlying coral rudstones and packstones. Encrustation 
dominated by tabular corals, locally forming upto 90% of the rock. 
Individual colonies sometimes more than 500mm in lateral extent, but 
rarely more than 8mm thick; typically fractured in situ where encrusting 
loose sediment, with cracks much more often infilled with injected 
sediment than sparry calcite. Anastomosing laminar colonies often 
enclosing pods of loose sediment, as noted for Antiguan Montipora by 
Frost & Weiss (1979). Occasional interlamination with coralline algae. 
Reworked coral debris frequently algal-encrusted; finely but much 
branched discoidal rhodolites also occurring (BD III).
Palaeontology: Dominated by laminar encrusting corals and melobesiid
coralline algae. Other recognisable macrofossil material comprising 
abraded, often algal-encrusted, fragments of ramose poritid corals, 
small pectinids, Tretocidaris anguillensis and Prionocidaris clevei.
Best Seen: Katouche Bay West, West End Point.
Associations: Nonerosionally overlying ANG[A3]. Passing up
gradationally into ANG[A1] or ANG[A3].
Inferred Environment: Pioneer phase in the development of wave
resistant reef from loose substrates on a shallow marine bottom 
frequently subject to moderate bottom turbulence. Apparently only 
forming substantial units where bottom turbulence is too high to allow 
domination by faster growing ramose growth forms. More resistant than 
ramose thickets to physical reworking and consequently more often 
preserved undisturbed in a reefal environment (even if originally of 
lesser volumetric importance). Repeated coral laminae, sometimes 
completely enclosing pods of packstone, indicating moderate 
sedimentation stress. Depth of deposition, 5-20m depending on degree of 
exposure.
Inferred Echinoid Palaeosynecology: Structural strength of substrate
denying niches to infaunal species, leaving the echinoid fauna dominated 
by rasping epibenthic grazers.
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Comparison to Other Successions: Ecologically equivalent to ANT[B2] of
the Antigua Formation. No known Maltese equivalent, nor apparently any 
well-known modern analogues. Emphatically not phyllose deep-reef facies, 
or the domination stage of a reef succession sensu James (1979, 1983).
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Subfacies ANG[A3] Channelled, Cross-bedded, Coralgal Packstones,
Floatstones and Rudstones.
Description: Reworked coralgal debris deposits, dominantly well-sorted
lensoidal rudstones and floatstones with a medium to very coarse 
packstone matrix (Plate 60, figure 2; Plate 61, figure 2). Unrotated 
coral colonies rare. Coral clasts taxonomically diverse, variably 
abraded, sometimes encrusted by coralline algae. Ramose species 
predominant, occasionally outnumbered by fragments of sediment 
encrusting species; massive hemispherical forms rare. Occasional ovoidal 
knobbly laminar rhodoliths up to 55mm MD. Extensive microboring and 
superficial micritization of clasts. Small-scale sedimentary structures 
often destroyed by bioturbation (BI 2-5), but occasional muddy flasers 
may be preserved. Outlines and stages in the infill of scours/submarine 
channels often picked out by bioclastic lags. Channel scours 3-lOm wide 
and 0.5-1.5m deep in observed east-west cliff exposures, which appear to 
provide true transverse sections. Channel margins smooth. Bedding of 
channel infill occasionally continuing in attenuated form beyond them 
but typically restricted to channel itself and asymmetric about channel 
axis. Where massive infill generally much muddier than surrounding 
material, in larger internally bedded examples it is generally coarser 
and better sorted.
Palaeontology: Abundant and diverse coral fauna but unrotated colonies
rare. Predominance of unencrusted fragments of ramose poritid colonies, 
in conjunction with rare bafflestone preservation, suggesting that 
thickets of these corals may originally have covered the substrate. 
Unlike lagoonal thickets of ANG[E], examples typicallyly reworked by 
currents causing characteristic scouring and channelling. Bivalve fauna 
including the sessile epibenthic taxa Spondylus cf. bostrychites and 
Hyotissa, the former often very abundantly, as well as the burrowing 
form Chione. Gastropod fauna dominated by Turritella and Strombus, with 
occasional Ampullina. Arthropod fauna dominated by claws of Callianassa, 
but occurrence of parthenopsid limb fragments suggesting the proximity 
of deeper water. Foraminiferal fauna dominated by the rotalid Miogypsina 
cf. antillea, but containing occasional Sorites, suggesting the 
proximity of seagrasses. Cidaroid spines can be quite common, but their 
tests are almost entirely absent, even as fragmental debris. Rare tests 
of Psammechinus anguillensis, normally complete except for apical discs. 
In addition to the infaunal spatangoid species present in ANG[A1], the
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more extensive better sorted calcarenites of ANG[A3] containing abundant 
Echinolampas lycopersicus and Clypeaster concavus. Former species 
generally preserved complete and frequently unencrusted, while latter 
typically battered, abraded and encrusted, even forming local debris 
lags. Occasional Meoma, mainly as small irregular fragments.
Best Seen: Katouche Bay West, Little Bay.
Associations: Passing nonerosionally, and often gradationally, into
ANG[A1] and ANG[A2]; forming a very substantial part of the reef facies 
as a whole. Sometimes alternating with ANG[B] and ANG[C] on Anguilla, 
and overlying ANG[G] on St Martin.
Inferred Environment: Unbound inter-bioherm sediments normally close to
or below fairweather wave base, but periodically subjected to reworking 
by strong unidirectional bottom currents associated with the ebb of a 
hurricane storm surge. Rudaceous clasts in coarser layers derived both 
by reworking of prexisting bottom material and storm damage to living 
coral colonies, but typically well sorted. Post-depositional decrease in 
bottom turbulence allowing infiltration of finer grained matrix before 
photophilic encrusting organisms stabilized and sealed their upper 
surface. The large thick-shelled gastropod Strombus typical of unstable 
backreef sand in the Great Bahama Bank and Florida (Bathurst, 1975; 
Multer, 1969) and on the northern Anguilla Bank (Appendix E).
Massively bedded pure mud infill of smaller channels forming a 
blanket cover over an existing bottom topography and probably 
representing deposition from supension in a single event, immediately 
following that which led to bottom erosion (see ANTJl]). Pattern of 
channel infill in larger internally bedded channels indicative of 
diagonally passing unidirectional bottom currents within them (McKee, 
1957). Previously observed mainly in submerged tidal channels formed 
under a macrotidal regime (Reineck & Singh, 1980). However, absence of 
repetitive sand/mud interlaminations or herringbone cross-bedding and 
presence of extensive shallow water reefs confirming theoretical 
predictions that the Miocene Anguilla Bank was subject to a gentle 
microtidal regime. Moreover, intervals between substantial scouring 
events, and even channel infill stages, long enough to allow coralgal 
sediment encrustation and growth of ramose coral thickets, processes 
requiring at least several years. Simple wave surge backflow would also
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give a much more constant current. The only irregularly long term 
hydrodynamic event generating high unidirectional currents in modern 
Caribbean reefs is the ebb of a hurricane storm surge. Bathymetric range 
5-25m.
Inferred Echinoid Palaeosynecology: Although intense bottom reworking
associated with hurricane activity would ensure that any exposed regular 
echinoid tests were washed out to sea, this cannot be the whole reason 
for their absence from the facies. If it were, one might expect some 
specimens to have been buried during quiet inter-hurricane periods and 
protected, like many specimens of infaunal species, from subsequent 
reworking. Nor is their intrinsically low preservation potential (Kier, 
1977) sufficient explanation, since well-preserved material occurs in 
other facies that were no less turbulent or biologically active. Rather, 
the absence of well preserved regular echinoid fossils in exposed reef 
environments themselves probably reflects the frequency with which the 
animals become bloated and float inshore after death (pers. obs; Smith, 
1984). Being neither buried below the sediment surface to start with nor 
weighted down with a gut full of sediment, regular echinoids are far 
more easily redistributed in this way than most irregulars. Higher 
specific diversity of infaunal echinoids than in other reef subfacies 
probably due to greater volume and better sorting of inhabitable matrix, 
as well as inclusion of material washed out of lagoonal facies by ebbing 
tides or storm surges. The former appears to have allowed colonization 
by the burrowing cassiduloid Echinolampas lycopersicus, and perhaps 
locally by Clypeaster concavus, although many tests of the latter may 
have been derived from backreef lagoon. Fragmentary Meoma may also 
represent allochthonous lagoonal material, or perhaps the inhabitants of 
localized seagrass beds in shallower channels.
Comparison to Other Successions: No precise analogues in the Antigua
Formation. Calcarenites resembling ANT[H3] in physical properties but 
occurring in a different setting at much shallower depths and possessing 
a quite different echinoid fauna. Setting topologically equivalent to 
that of ANT[G], but sediments comprising latter much coarser, less 
strongly channeled and scoured, more algal-rich and again far deeper. 
This discrepency probably reflects a shallower and probably more 
effective reef barrier during deposition of the Anguilla Formation than 
was the case for the Antigua Formation. Much closer Maltese equivalents 
exposed in the Attard Member of the LCL near the base of the large
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quarry at Mosta (MGR 489 755), but no echinoid fauna recorded by Challis 
(1980). Ecologically equivalent to the sand-bottomed interreef channel 
of Kier & Grant (1965), but notably lacking its diverse sand dollar 
fauna. This absence of sand dollars is perhaps the single most 
distinctive echinoid synecological difference between the Anguilla 
Formation and the Neogene to Recent shallow marine environments of the 
Greater Antilles and circum-Caribbean mainland. Although many sand 
dollars existed in the Greater Antilles by the end of the Eocene and 
Mellitids had reached Puerto Rico by the beginning of Middle Miocene 
time (Lower Ponce Limestone, per. obs.), few species have succeeded in 
colonizing the Lesser Antilles to this day. In a more positive way the 
abundance of Echinolampas seen in ANG[A3] is presently unknown in 
Caribbean shallow water environments. It is possible that these two 
ecological differences are related. Shallow water burrowing cassiduloids 
have declined in importance during the Neogene as sand dollars expanded 
and few Recent examples are known. In the Caribbean, Gladfelter (1978) 
described high density populations of Cassidulus caribbearum burrowing 
at depths of 3-20cm in shallow shoreface grainstones, confirming earlier 
observations by Kier (1975). Among temperate water species the South 
African form Echinolampas crassa is known to be an actice burrower at 
depths of 3-5cm in coarse well-sorted megarippled shallow-marine 
bioclastic sands (Thum & Allen, 1975, 1976), while Apatopygus recens 
lives entirely buried at depths around 3cm in coarse sands and gravels 
around New Zealand, a habitat it may share with spatangoids (Higgins, 
1974). All these modern settings are notable for their lack of sand 
dollars, whether for granulometric reasons or otherwise.
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7.3.2 Facies ANG[B] Rhodophyte/Soritid Packstones/Grainstones
General Diagnosis; Variably muddy, rhodophytic but essentially 
coral-free, calcarenites with a foraminiferal assemblage dominated by 
Sorites, Archias and apparently-unattached encrusting rotalids.
General Description: Bioclastic material dominated by coralline algae,
mioliolid foraminifera, molluscs and echinoderms. Grains heavily 
microbored perpendicular to their margins, and frequently micritized. 
Local reworking, both physical and biological, often making distinction 
of natural subfacies difficult in the field. Two subfacies distinguished 
herein: a muddy, poorly sorted, variant generally lacking active 
burrowers (ANG[B1]) and a massive relatively well-sorted variant with a 
diverse infauna sometimes preserved in life position (ANG[B2]). 
Unpredictable local variation in detailed granulometry and palaeontology 
reflecting complex, unstable and small-scale patchwork of distinct, but 
closely related, environments.
General Environment: Very shallow, protected, back-barrier, normal
marine or slightly hypersaline sand flat, patchily covered by seagrass 
meadows. By analogy to modern seagrass meadows (see Chaproniere, 1975), 
general depth of deposition 2-15m, probably mainly in the shallow half 
of this range. This is in complete agreement with the depth estimate of 
c. 30ft (9m) made by Bold (1970) on the basis of ostracod samples.
General Comparison to Other Successions: Ecologically equivalent to
ANT[D1] of the Antigua Formation, to the Maghlak Member and parts of the 
Attard Member within the LCLF of Malta, and to the general back reef 
subtidal region of the Florida Keys, as distinguished by Kier & Grant 
(1965). Platform edge sands ascribable to SFB 6 or proximal SFB 7 of 
Wilson (1975).
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Subfacies ANG[B1] Tabular-bedded Rhodophyte/Soritid Packstones,
Wackestones and Mudstones
Description: Tabular thick to very thick beds of medium to very coarse
bioclastic packstones and wackestones, with occasional whitish mudstone 
bands and thin greenish-brown laminae rich in aluminosilicate clays 
(Plate 62). Beds sometimes bifurcating. No evidence of laminar 
melobesioid encrustation, but occasional rhodoliths occur and 
corallinoid segments abundant. Corals present only as very occasional, 
poorly preserved clasts. Bedding-internal sedimentary structures 
apparently absent, but frequent preservation of fine mudstone laminae 
suggesting little active burrowing (BI 1). Some horizons, particularly 
those immediately above mudstone laminae possessing an abundant and 
diverse fossil epifauna, preserved in life position by swamping. 
Elsewhere epifaunal elements often disorientated in a poorly sorted 
matrix typical of bafflestone sedimentation (see text-figure 19).
Palaeontology: Larger foraminiferal fauna dominated by the mioliolid
Sorites with subsidiary encrusting rotalids and Amphistegina. 
Echinolampas semiorbis common, often preserved in life position above 
terrigenous mud laminae. Bivalve fauna characterized by unattached 
juvenile oysters (but no adults), sedentary epibenthic Spondylus cf. 
bostrychites, occasional small pectinids preserved as closed articulated 
valves, and patchily by a number of infaunal taxa, including Kuphus, 
Chione, Phacoides and lucinids. Despite apparent matrix homogeneity 
calcite-lined burrows of Kuphus occasionaly distorted from a simple 
vertical tube (Plate 62, figure 1). Much more substantial populations of 
infaunal bivalves, in life position, occur in terrigenous interbeds 
assigned to ANG[J2]. Abundant and diverse gastropod fauna preserved 
mainly as internal moulds, sometimes smoothly distorted by compaction. 
Common taxa including Strombus, Conus, Turritella, Xenophora and 
Ampullina. Less frequent are Clava (Rhizoclava), ?Sinum, ?Littorina and 
Cassis (or Phalium). Occasional claws of the arthropod Callianassa. 
Upright specimens of the epifaunal echinoid Echinolampas semiorbis rest 
mainly on the upper surfaces of mudstone laminae, immediately below a 
packstone layer (Plate 62, figure 2). Many specimens collected in this 
setting show glauconite infilling of their pores. Elsewhere specimens 
are typically disorientated and with clean pores. Spines and 
substantial test fragments of the cidaroid Tretocidaris anguillensis are 
common. Spatangoids rare, fragmentary, including Meoma sp.. Occasional
- 155 -
- 156 -
Supplementary Key for Figure 19
1 Disorientated Echinolampas semiorbis within ANG[B1]
2 Echinolampas semiorbis complete and upright in 
ANG[B1] above muddy laminae of ANG[J1]
3 Rare, distorted, Kuphus tubes in ANG[B1]
4 Population of Chione preserved in ANG[J2]
5 Clypeaster concavus swamped in life position below 
top of ANG[B2] bed
6 Meoma antillarum swamped in life position further
below top of ANG[B2] bed than is Clypeaster concavus
7 Partially reworked and sponge-encrusted Kuphus tube 
in ANG[B2]
8 Completely reworked and Entobia-bored Kuphus tube on 
upper surface of ANG[B2] bed
B 2B 2
B I
OJ1
B 2
B 2
B 1
B 2
J1
J 2
ŒDB2
Clypeaster concavus
M  Meoma clevei/antillarum
Figure 19
Summary of m acrofossil  p re s e rv a t io n  p a t te rn s  
in s ed im en ta ry  fa c ie s  ANG B
Subfacies designations abbreviated to specific ending only, 
e.g. ANG[B1] becomes B1
Explanatory key for numerical symbols 1-8 on facing page
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complete, often well preserved, Clypeaster concavus.
Best Seen: At shore level on the east side of Katouche Valley and in
allochthonous blocks entrained within Crocus Bay landslip.
Associations: Overlying ANG[B2] or ANG[A3]. Laterally intergrading with
ANG[B2]. Often including well-preserved beds of ANG[J2]. Otherwise 
overlain by ANG[B2] or ANG[C].
Inferred Environment: Characterized by intermittent and essentially
non-erosional sediment accumulation in an environment of low bottom 
turbulence, insignificant winnowing and little biological reworking. 
Sediment derivation largely local; occasional intercalation of fine 
terrestrial volcanogenic material deposited from suspension. 
Miliolid-rich foraminiferal assemblages, abundant articulated coralline 
algae, extensive microboring and grain micritization suggestive of very 
shallow depths. Poor sorting and lack of reworking suggesting a 
back-barrier bottom environment protected from fairweather wave 
reworking, and largely also from the erosive effects of storms.
Abundance of Sorites and apparently unattached encrusting rotalids, as 
well as abundance and diversity of herbivorous gastropods, suggesting 
intimate association with seagrasses. Significant mud content, 
preservation of fine terrigenous interbeds from either physical of 
biological reworking, general absence of actively burrowing infauna and 
occasional distortion of Kuphus tubes despite an apparently homogeneous 
substrate, suggesting deposition as a seagrass bafflestone. By analogy 
with typical modern seagrass banks (Murray, 1973; Chaproniere, 1975; 
pers obs.. Appendix E) depths certainly less than 35m, probably less 
than 15m and perhaps as low as 2m. Local occurrence of Kuphus and 
Callianassa within this subfacies, and more abundantly within its 
intimate associate ANG[B2], entirely consistent this estimate (see 
below). Although Murray (1973) considered Sorites to be indicative of 
elevated salinities (above 37o/oo), as well as of seagrass meadows, the 
former were clearly not elevated enough to entirely inhibit echinoid 
colonization and are therefore unlikely to have exceeded 38o/oo. In 
contrast. Bold (1970) considers his sample AG-6, which probably came 
from this facies, to "contain a brackish water fauna". The echinoid 
fauna of ANG[B1] contradicts this assessment, indicating that Bold’s 
material was allochthonous or reflects a community of very limited time 
duration. Since Bold worked preferentially on marly bands associated
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with freshwater influxes (see ANG[J1]) either possibility is feasible. 
Smooth distortion of gastropod and bivalve internal moulds with space 
originally filled by shell closed indicating both minor early 
cementation and early dissolution of aragonite before substantial 
compaction.
Inferred Echinoid Palaeosynecology: Echinoid inhabitants entirely
epibenthic where seagrass cover complete, active horizontal burrowing 
being prevented by the plant’s rhizome network. Lacking jaws, 
Echinolampas semiorbis must have fed on organic rich sediment or 
seagrass fragments. Concentration at certain levels where it is 
generally preserved in life orientation and with glauconite pore 
infillings suggests susceptibility to rare swamping events. Strong 
adorai concavity of large Clypeaster concavus suggestive of direct 
seagrass grazing (see Kier & Grant, 1965). Since both test and spine 
fragments of Tretocidaris anguillensis occur, in the absence of 
Prionocidaris clevei material, the former species seems likely to have 
lived in situ, rather than to have been washed in from more exposed hard 
substrates to seaward. Infaunal echinoids probably restricted to 
washouts (sensu Wanless, 1981) and allochthonous material derived from 
channels between seagrass banks.
Comparison to Other Successions: Equivalent to ANT[D1] of the Antigua 
Formation, parts of the Maghlak Member and perhaps also of the Attard 
Member within the LCLF of Malta. Challis does not seem to accept any 
echinoid fauna from the actual seagrass meadows represented within the 
Maghlak Member of the LCLF, although her echinoid biofacies diagnosis 
would seem to include them. Another possible seagrass dominated unit in 
the Maltese succession is the Wied Incita Bed within the Attard Member 
of the LCLF, the ’’Echinocyamus/Kuphus/Mudstone biofacies’’ of Challis 
(1980). Bennett (1980) refers to this unit as a mudstone with 
allochthonous, sometimes rhodolitic, algal wackestones, and considers it 
to have been deposited at depths around 40m in a protected lagoonal 
environment. This conclusion, based almost entirely on the presence of 
Archaeolithothamnium, is inconsistent with all the other sedimentary 
information summarized by Pedley (1978), with the abundance of Kuphus, 
which typifies wave-swept environments at the present day (Frost & 
Langenheim, 1974), and with the occurrence in life position of 
Echinocyamus, which is invariably an infaunal sand dweller at the 
present day. In view of this evidence, the recorded abundance of
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peneroplids (which Reiss & Hettinger (1984) consider the shallowest 
dwelling macroforaminifera), and the importance of leached aragonitic 
bivalve moulds but not actively burrowing infauna I prefer to treat the 
lithology as a product of locally washed out seagrass meadows and 
predict they will actually prove to be pelletai packstones and 
wackestones. As regards echinoid fauna, equivalents of the distinctive 
Anguillan Echinolampas semiorbis or Clypeaster concavus morphotypes are 
entirely unrecorded from any seagrass banks of the Maltese succession, 
whose only echinoid species belong to the genus Echinocyamus, absent 
from the mid-Cenozoic of the Lesser Antilles. It is interesting that the 
new species of Echinocyamus described by Challis (1980) shows a large 
number of respiratory pores, as does Clypeaster rosaceus. Both seem to 
have improved their respiratory apparatus in response to the respiratory 
demands of seagrass dwelling (Poddubiuk, 1985). Ecologically equivalent 
to the lagoonal seagrass banks of Kier & Grant (1965), whose regular 
echinoid fauna was dominated by Eucidaris tribuloides (perhaps 
ecologically analogous to Tretocidaris anguillensis), together with a 
number of euechinoid species unlikely to be preserved in situ.
Clypeaster rosaceus was the only common irregular species they described 
from the habitat, with subsidiary Meoma venticosa and rare Brissus 
unicolor. It seems likely that the former are direct descendants of 
Clypeaster concavus and Meoma antillarum respectively (Poddubiuk, 1985; 
Chester, 1970), although not yet so well adapted to their chosen 
environment. By contrast the modern restriction of inflated 
hemispherical cassiduloids to deepwater environments probably reflects 
their failure to compete effectively with jawed euechinoids for the 
resources of a seagrass-dominated environment.
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Subfacies ANG[B2] Well-sorted Rhodophyte/Soritid Packstones and
Grainstones
Description: Thick to very thick, tabular to massive, lenticular beds
of medium to very coarse bioclastic packstones and grainstones (Plates 
63-65). Rich in fine coralline algal fragments, unattached encrusting 
rotalid and soritid foraminifera; sometimes containing scattered coral 
debris. Patchy variation in grainsize and ocassional poorly preserved 
burrows of Planolites and Thalassinoides suggesting absence of any 
primary intrabed sedimentary structures due to extensive bioturbation 
(BI 4-5). Body fossil preservation indicative of frequent gentle 
reworking often with long periods of exposure at the sediment surface 
(see below).
Palaeontology: Foraminiferal assemblage similar to that of ANG[B1],
sometimes distinguishable by abundance of rotund Archaias. Coralline 
algal assemblage still dominated by corallinoideans, but including 
significant fragmentary and rhodolitic melobesioids. Coral debris 
sometimes a significant minor component. Bivalve fauna dominated by 
potentially motile epifauna including Amusium, Lima (Mantellum) and 
abundant small pectinids, the latter typically preserved as 
disarticulated serpulid and bryozoan encrusted valves lying concave side 
up in the plane of the bedding. Infaunal species such as Kuphus, 
recorded patchily in ANG[B1], also occurring within this subfacies 
(Plate 63), though often clearly reworked. Complete reworking of Kuphus 
easily discernable by redeposition parallel to the bedding, usually 
after extensive boring by Cliona (Plate 65, figure 2)); partial 
reworking suggested by sponge encrustation and boring on the upper 
exterior of tubes still in life position (Plate 64, figure 2). Gastropod 
abundance apparently somewhat lower than that of ANG[B1], but including 
an additional indeterminate Cypraeiid. Test fragments of Prionocidaris 
clevei locally common; Tretocidaris anguillensis often abundant as 
fragmentary tests and spines; single fragment of Tripneustes 
(Tripneustes) sp. Actively burrowing echinoids much more abundant, 
diverse and better preserved than in ANG[B1]. Most distinctive forms, 
Meoma antillarum and Clypeaster concavus, sometimes preserved in life 
orientation, the former generally about 100mm below the latter where 
both occur in the same bed (text-figure 19). Both species are also 
abundant as locally exhumed material, the latter even constituting 
sedimentologically important clasts at some horizons (Plate 65, figure
1). Schizaster clevei, Agassizia clevei, Brissopsis antillarum and 
Echinolampas lycopersicus may also be common and well-preserved; 
although none is commonly preserved in life orientation, only B. 
antillarum, and to a lesser extent S. clevei, are typically encrusted. 
Specimens of Schizaster clevei notably smaller and with relatively 
longer petals than in other environments. Reworked specimens of Meoma 
antillarum often fragmentary, but in contrast to the irregularly smashed 
debris characteristic of ANG[A4], fragments in ANG[B2] large, often 
encrusted, and normally broken along sutures. This breakage pattern is 
indicative of test breakage after rotting of sutural collagen (Aslin, 
1968; Smith 1984), suggesting tests subjected to gentle reworking well 
after death, with large fragments surviving long periods of exposure at 
the sediment surface. In some examples Meoma antillarum replaced by the 
easily distinguishable, but nevertheless possibly synonymous Meoma 
clevei (See Chapter V). In striking contrast to ANG[B1] Echinolampas 
semiorbis rare and never preserved in life orientation.
Best Seen: Magnificent Bay; Cathedral Bay; loose blocks below West
Cliff.
Associations: Intimately associated with ANG[B1], the two typically
alternating both laterally and stratigraphically. Occasionally overlying 
ANG[A3] and passing up into ANG[A1] or ANG[C].
Inferred Environment: Large washouts, channels and sand flats between
seagrass meadows. Presence of Sorites and apparently unattached 
encrusting rotalids suggesting proximity of now decomposed seagrass 
substrates, as does characteristic echinoid fauna (see below). However, 
winnowing away of mud, gentle reworking of buried fossil material, and a 
diverse fauna of active burrowers, clearly indicating that these 
sediments do not themselves constitute a seagrass bafflestone. In some 
localities, e.g. Cathedral Bay, abundance of rotund foraminifera 
suggesting turbulent bottom at less than 10m (Hallock, 1979). Dominant 
genus Archaias was considered by Murray (1973) to be typical of 
clean-washed sands and by Reiss & Hottinger (1984) to typify the depth 
range 0-20m. Gentleness of reworking, and long periods of subsequent 
exposure at the sediment surface suggestive of moderate to slight 
fairweather wave activity, such as occurs at depths of 2-7m off the 
north coast of Anguilla at the present day. Such depths consistent with 
extensive Callianassa reworking of these sediments, indicated by poorly
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preserved Thalassinoides, patchy grainsize variation up to gravel grade 
and the abundance of its skeletalized claws. Although claimed as a major 
agent of biological reworking at depths of 5-27m in Australian backreef 
lagoons (Tudhope & Scoffin, 1984), Callianassa seems to be 
characteristic of depths less than 10m in the modern Gulf of Mexico 
(Cocks & Parker, 1981). Of the other fossils, Kuphus is also said to be 
characteristic of very shallow wave-swept environments (Frost & 
Langenheim, 1974). Initial sediment deposition probably as a well-sorted 
grainstone, with subsequent conversion below the sediment water 
interface to a packstone though the imput of mud from calianassid 
excrement as described by Pryor (1975). Inferred bathymetric range 
3-12m.
Inferred Echinoid Palaeosynecology: By analogy to modern equivalents
discussed by Kier & Grant (1965), regular epifauna probably absent, with 
preserved specimens of Tretocidaris anguillensis and Prionocidaris 
clevei representing allochthonous material derived from adjacent 
seagrass banks and somewhat more distant reef respectively. Small 
populations of Echinolampas semiorbis may have survived epifaunally off 
surface debris, but most material seems more likely to have been derived 
from adjacent seagrass meadows which would have offered more protection 
from predators. Diversity of irregular fauna must reflect extensive 
niche partitioning, presumably on the basis of burrowing depth and food 
source. Degree of reworking and encrustation suggest burrowing depths 
were greater in Schizaster clevei, Agassizia clevei and Echinolampas 
lycopersicus than in Clypeaster concavus or Meoma sp.. Spatial 
relationships of swamped populations suggest Cjj_ concavus was a shallow 
ploughing to epibenthic form, with Meoma antillarum a fully covered but 
relatively shallow burrower. Among the smaller, probably deeper 
burrowing species, niche partitioning may have been related to food 
source. Morphological adaptations suggest ^  clevei relied heavily on 
very fine surficial debris obtained via a funnel, while clevei and E. 
lycopersicus preferred to ingest sediment particles, the latter being 
capable of utilizing coarser material than the former. Preservation of 
Meoma antillarum and Clypeaster concavus in life position suggests 
periodic sediment swamping. That smaller burrowing echinoid species were 
not similarly trapped cannot be interpreted as indicating that they 
never lived in this environment, since their preservation is usually 
good and not suggestive of physical reworking. Preferential preservation 
of larger species in life position could reflect greater resistance to
- 163 -
disorientation by subsequent burrowers, Meoma being not only large but 
also deep burrowing at the present day (Chesher, 1969) while Clypeaster 
is particularly heavy. However, the absence of other species at the same 
levels, even as disorientated specimens, suggests this explanation is 
insufficient. It would seem that smaller species could avoid being 
smothered. This may reflect greater spare respiratory capacity and 
relatively small oxygen requirements, both typical characteristics of 
smaller organisms. In this context it is interesting that the S. clevei 
of this facies are typically smaller with relatively longer petals than 
populations in other facies. Both these characteristics would have given 
them a higher gas exchange efficiency, useful in a less well-oxygenated 
environment. It is possible that the relatively protected environment 
represented by this facies acted as a nursery for the species. Separate, 
normally lower-energy inshore, habitats have been noted in many echinoid 
species, e.g. Meoma ventricosa and Plagiobrissus grandis by Kier (1975).
Comparison to Other Successions: Physically equivalent to ANT[E] of the
Antigua Formation. Similarly comparable with the echinoid bearing 
sediments of the Maghlak Member within the LCLF of Malta. Echinoid fauna 
distinctly different from that apparently described for the latter by 
Challis (1980). Although her actual biofacies diagnosis claims this 
fauna occurs in muddy wackestone matrix, she goes on to describe how 
the echinoid morphology indicates sediments with a good subcirculation. 
It seems likely that in her facies diagnosis she has confused bank with 
interbank sediments and/or failed to recognize micritic pellets. 
Functional morphology suggests the species she records were active 
burrowers in an interbank environment similar to that of ANG[B2]. In 
comparison to this unit both its overall fossil fauna, and particularly 
its echinoid fauna, are extremely depauperate. The commoner of the two 
species she describes, Echinocyamus stellatus has no close Anguillan 
relative. The rarer Echinolampas cf. posterolata seems to have been 
morphologically equivalent to Echinolampas lycopersicus. The total 
absence in the Maghlak Member of any species resembling Meoma or 
Clypeaster is very striking. Physically equivalent to the bare sand 
bottom of back reef environments in the work of Kier & Grant (1965). 
Tretocidaris anguillensis probably equivalent to Eucidaris tribuloides 
of this modern setting, Schizaster clevei and Meoma antillarum to S. 
floridiensis and ventricosa respectively, and Clypeaster concavus to
C. rosaceus and perhaps also C^ subdepressus. Although Agassizia is 
unknown in the Key Largo area, Kier (1975) recorded a derived specimen,
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probably of lagoonal origin from the beach of Carrie Bow Cay, Belize and 
it may be commoner inshore as a relatively deep burrower than has 
previously been recognized. As in the case of ANG[A3] the most striking 
difference from modern Caribbean equivalents is the abundance of 
burrowing Echinolampas and absence of sand dollars.
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7.3,3 Facies ANG[C] Coarse, Cross-bedded, Coralline Algal
Grainstones
Diagnosis: Medium to coarse bioclastic grainstons and packstonese,
occasionally retaining traces of large scale cross-bedding.
Description: Tabular units, 4-5m thick, of well-sorted bioclastic
grainstones and packstones, typically coarsening upwards. Identifiable 
bioclasts dominantly coralline algal branch, mollusc and echinoderm 
fragments, often very extensively microbored perpendicular to clast 
margins. Occasional, ellipsoidal, knobbly rhodolites and intraclasts of 
lithified reef-rock. Base of bed nonerosional. Angle of repose 
cross-stratification sometimes discernable in lower part of bed as a 
single set at least Im in thickness and apparently not extending to the 
bed base. Moderately to highly burrowed (BI 2-5); bioturbation maximized 
in lowermost part of bed, with a secondary maximum a little below its 
top. Thalassinoides sometimes discernable, the horizontal part of its 
burrow networks being particularly well-preserved as sole structures 
(Plate 66, figure 1).
Palaeontology: Distinctive fauna dominated by the unattached epifaunal
bivalve Amusium, generally preserved undamaged with valves shut, and the 
actively burrowing echinoids Echinolampas lycopersicus and Clypeaster 
concavus. Neither of the latter species typically in life orientation, 
but both well-preserved and the former generally unencrusted. Agassizia 
clevei, locally common and never showing signs of tubercle abrasion or 
encrustation. Other infaunal echinoids more restricted and mainly 
fragmentary. Tests of Prionocidaris clevei recorded, complete ambulacra 
and interambulacra are common and isolated spines abundant. Corals and 
oysters rare, fragmentary, generally abraded and encrusted or 
Entobia-bored. Turritella locally common but diverse gastropod and 
infaunal bivalve faunas of facies ANG[A] and ANG[B] absent. Arthropod 
fossils particularly diverse, including Xanthid and Portunid crabs as 
well as Callianassa. Occasional Echinolampas show possible evidence of 
crab predation (irregular opening of test without fragmentation) others 
of gastropod boring (see Bischop, 1975, and Zinsmeister, 1980).
Best Seen: As allochthonous blocks entrained in Crocus Bay landslip,
where they were described as "Bed 4" by Vaughan (1926); above Road 
Point; east of Mead Point.
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Associations: Typically overlying ANG[B1] or ANG[B2], more rarely
ANG[A1]. Overlain by ANG[A3], ANG[B1] or ANG[B2],
Inferred Environment: Intermittent mechanical deposition of sorted
carbonate bioclasts from strong unidirectional bottom currents in a 
shallow submarine delta. Extensive burrowing, leading to loss of most 
primary sedimentary structures, indicating substantial intervals of 
nondeposition during which physical reworking was comparatively 
insignificant. Preservation of idiomorphic Thalassinoides indicative of 
softground sedimentary texture sensu Ekdale et al. (1984). Preservation 
of Amusium with valves closed, and of well-preserved but disorientated 
infauna, suggests erosion followed by rapid local redeposition. In 
conjunction with the occurrence of only a single cross-bedding set, this 
suggests deposition as a small submarine delta. Predominance of active 
burrowers like Echinolampas lycopersicus and of relatively mobile 
epibenthos such as Amusium in the source area suggest some physical 
reworking of the bottom was normal there. Predominance of robust 
morphologies in ANG[C] itself is probably a function of taphonomic 
sorting. Crocus Bay examples associated with backreef facies ANG[B] and 
probably equivalent to the so-called "Flood Tidal Deltas" recorded by 
Aigner (1985) building out into Caribbean lagoons from major reef 
channels. The somewhat better sorted example sandwiched between units of 
ANG[A1] in exposures east of Mead Point may alternatively represent an 
"Ebb Tidal Delta" building out over forereef flats. Set thickness of 
visible cross-beds directly indicating depositional relief over Im.
Shinn (1968) suggested that the depth limit for sediment reworking by 
Calianassa spp. is nearly 2m in modern Caribbean environments, with 
physical sedimentary structures only preserved at greater depths below a 
stable surface. Taking this into account actual depositional reliefs of 
the thickest Anguillan examples seem likely to have been 3-4m, 
approximately 80% of bed thickness. Sediment should have been deposited 
as very well-washed grainstones, subsequently partially altered to 
packstones by the activity of burrowing callianassids. as described by 
Pryor (1975). In backreef examples delta top just above fairweather wave 
base, probably 5-lOm depth. More exposed forereef examples likely to be 
deeper, perhaps extending below 30m.
Inferred Echinoid Palaeosynecology: Prodelta, delta front and delta top
environments represented, the latter constituting the most important 
source of included echinoid fauna. Delta top characterized by active
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burrowers, presumably as a consequnce of substrate mobility. The best 
represented in the fossil record are the robust species Clypeaster 
concavus and Echinolampas lycopersicus. Of these the latter is likely to 
the deeper burrower on the basis of lesser encrustation as well as 
functional morphology (Chapter V). Although both species must have had 
considerable importance in the original fauna the extent of their 
predominance may be partially a taphonomic artefact. Most specimens were 
clearly reworked and redoposited on the delta front, many showing 
encrustation. More fragile tests would be unlikely to survive such 
ill-treatment in recognizable form, transport filtering them out of the 
fossil record preserved in the delta front deposits that comprise most 
of each bed. Preservation of the very thin tested spatangoid Agassizia 
clevei probably reflects a deeper burrowing life habit, below the level 
of normal reworking. Epifaunal elements are probably derived from local 
reef environments. Although it cannot yet be fully justified on the 
basis of field observations, the predicted pattern of original life 
style and subsequent preservation for the echinoid species of this 
facies is summarized in text-figure 20.
Comparison to Other Successions: Topologically equivalent to, but much
shallower, than ANT[G] of the Antigua Formation. Closely resembling the 
"Echinolampas posterolata/Cross-bedded Grainstone Biofacies" of Challis 
(1980), best seen in the Xlendi Member of the LCLF on Gozo, but with a 
far richer echinoid fauna. The only echinoid species noted by Challis 
(1980), Echinolampas posterolata is ecologically equivalent to the 
Anguillan species Echinolampas lycopersicus, but Maltese analogues for 
the other Anguillan species notably absent. In part this may reflect 
more active reworking, the Xlendi Member being interpreted by Bennett 
(1979, 1980) as a true sand shoal rather than a washover lobe or 
submarine delta deposit. As discussed above, modern analogues of the 
environment represented by this Anguillan facies are the submarine 
deltas that form at the termination of transbarrier channels. The 
echinoid fauna of such environments has never been dealt with 
specifically, but probably corresponds in part to the bare sand bottom 
described by Kier & Grant (1965). As in the case of ANG[A3] and ANG[B2], 
the Miocene Anguillan communities differ from their Recent equivalents 
off Florida in the abundance of burrowing cassiduloids and absence of 
sand dollars. Seaward examples equivalent to SFB 4 of Wilson (1975) and 
landward examples to SFB 6.
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7.3.4 Facies ANG[D] Fine, Well-sorted, Coral and Rhodolite-free
Packstones and Grainstones
Diagnosis: Well-sorted medium to very fine bioclastic and pelletoidal
grainstones and packstones lacking coral clasts, rhodolites or abundant 
globigerines.
Description: Bedding tabular, thick to very thick, even where their are
no intervening beds of ANG[E] (Plate 67). Including some "Type III", 
basally-winnowed, shell beds sensu Kidwell (1985, 1986). All traces of 
primary internal structure destroyed by intensive bioturbation; 
burrowing horizontal or slightly oblique and dominated by slightly 
meandering forms attributable to Planolites or Palaeophycus (Plate 68, 
figure 1).
Palaeontology: Locally abundant Clypeaster concavus, normally unbroken,
and unabraded, often unencrusted. Subsidiary echinoid infauna including 
Echinolampas lycopersicus and Lovenia gregoryi gregoryi. Psammechinus 
anguillensis locally common as well-preserved unencrusted test coronas; 
spines, jaws and apical disc of test absent but surface ornament 
typically little abraded. Occasional fragmentary Meoma and cidaroid 
plates. Dissociated asteroid ossicles common. Bivalve infauna including 
Kuphus and casts of ?Trachycardium in life orientation, with occasional 
?Poromya, Chione and Sinum. Bivalve epifauna including Amusium and 
Ostrea, the latter frequently as isolated predator-bored valves; small 
pectinids locally abundant at the bases of some beds as complete but 
disarticulated and bedding parallel valves often showing preferential 
orientation concave up (Plate 68, figure 2). Gastropod fauna including 
Strombus, Conus, "Cypraea" , Xenophora, Turritella and rare buccinids. 
Callianassa claws often abundant; other arthropod records including 
Portunus and a leucosid, probably Myra. Rare laminar encrusting corals 
in life position in some representatives.
Best Seen: Upper part of Cliffs behind Katouche and Bendig Bays;
Anguilla Airport Quarry.
Associations: Typically alternating with ANG[E], occasionally with
ANG[B1] and ANG[B2], of which it seems to be laterally equivalent.
Inferred Environment: Tabular bedding indicative of a laterally
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extensive environment. Association with the hurricane-flattened ramose 
coral thickets of ANG[E], with Kuphus, with winnowing away of very fine 
material but little bottom reworking (Clypeaster and infaunal bivalves 
frequently in life orientation; extensive burrow preservation), 
suggesting deposition around fairweather wave base in an area usually 
protected from storm disturbance and too deep for seagrass colonization. 
At the present day the large thick-shelled gastropod Strombus is typical 
of subtidal unstable backreef sands (Multer, 1969; Bathurst, 1975; 
section 3.3). In conjunction with presence only of light reef-derived 
debris and local importance of faecal pellets, its occurrence suggests a 
shallow, restricted, backreef environment. Alternation with ramose coral 
rudstones and bafflestones and bedding parallel accumulations of 
disarticulated and encrusted, but otherwise well-preserved pectinid 
valves reflecting slowness of sedimentation between storm events. 
Upwardly increasing importance of finer grained varieties probably 
reflecting increasing depth (see ANG[E] below), possibly also greater 
distance from bank margin as described in Australian lagoons by Frith 
(1983). Relationship to ANG[E] and the absence of seagrasses suggest a 
similar bathymetric range, approximately 12-20m.
Inferred Echinoid Palaeosynecology: Echinoid fauna dominated by forms
adapted to shallow burrowing in fine but well sorted sands. The 
predominant, and to judge by reworking/encrustation patterns, the 
shallowest burrowing form appears to be Clypeaster concavus.
Echinolampas lycopersicus is likely to have been a rather deeper 
burrower and is commonest in coarser sands, although nowhere reaching 
the abundance of ANG[C] or ANG[B2]. Psammechinus anguillensis apparently 
autochthonous or of local derivation, but preserved by rapid burial. 
Although spines, jaws and apical disc lost, surface ornament often 
almost unabraded and encrustation absent. Even by simple decay in the 
cold waters of the North Sea, spine loss from dead Echinus esculentus 
begins within seven days of death and loss of the apical disc occurs 
within twelve Schafer (1971). In a tropical submarine environment spines 
of regular echinoid species can be lost within a few hours, generally 
with the assistence of scavengers (pers. obs. on freshly-killed 
specimens of Diadema antillarum and Echinometra lucunter), although loss 
of the apical disc is likely to take several days even at warm water 
rates of tissue decay. Rare cidaroid plates are likely to be 
allochthonous.
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Comparison to Other Successions: No precise equivalents known within
the Maltese succession due to differences in lagoon depth. Although 
finer grained variants resemble in physical conditions Challis's 
"Schizaster/Ditremaster/Pecten Wackestone Biofacies" of the GLF, the 
latter is clearly a deeper forebarrier deposit, though probably not 
always as deep as the 200m suggested by Bennett (1980). Roughly 
equivalent to environment 10 (back barrier lagoon) of the present north 
Anguilla Bank (see 3,3) and the bare sand of White Bank off Florida, as 
described by Kier & Grant (1965). Once agin differing strikingly in the 
presence of burrowing Echinolampas (albeit in reduced numbers) and the 
total absence of true sand dollars, despite a fine grainsize and 
relatively quiet bottom to which the latter are admirably suited. An 
interesting feature of this environment, and of other Anguillan quiet 
water environments, is the apparent absence of Halimeda, whose 
distinctive flakes are an important component of their modern Caribbean 
equivalents. Since Halimeda is also unknown in the Mediterranean before 
Langhian times (Sellwood, 1986), this would appear to reflect 
evolutionary rather than taphonomic factors. Essentially within SFB 7 of 
Wilson (1975).
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7.3.5 Facies ANG[E] Tabular, Low Diversity, Ramose Coral Rudstones
Diagnosis: Tabular, medium to thick beds of mechanically immature,
monospecific or paucispecific, ramose coral rudstones.
Description: Beds normally occurring individually; thickness frequently
uniform over distances approaching a kilometre in exposed east-west 
sections (Plate 67, figure 2). Coral clasts often poorly sorted, 
unencrusted, little abraded, sometimes multibranched. No evidence of 
clast imbrication. Bases of beds essentially nonerosional, sometimes 
with remains of coral colonies in life position and local bafflestone 
development (Plate 69, figure 2). Analogous to "Type 3" shell beds of 
Kidivell (1985, 1986). Included sediments medium to fine packstones 
lithologically similar to those of ANG[D]. Except in basal bafflestones, 
macrofossils rare and fragmentary indicating origin by secondary 
infiltration. Coral branch diameters decreasing irregularly, from over 
20mm to less than 10mm, up the succession behind Katouche Bay. Upper 
surfaces of beds frequently encrusted by thin coralline algal 
boundstones.
Palaeontology: Coral fauna dominated by single species of Porites. Many
asteroid ossicle and occasional undetermined cidaroid spines at some 
localities. Only echinoid macrofossil commonly present is the regular 
echinoid Echinometra prisca, specimens of which sometimes retain their 
apical discs, and even their jaw apparatus. Very rare crushed 
Echinolampas semiorbis.
Best Seen: Dominating the upper part of the Anguilla Formation along
the north Anguilla coast; easily examined in massive boulders at the 
back of Katouche Bay, or at the cliff top behind North Hill Village.
Associations: Typically alternating with bioclastic packstone variety
of ANG[D].
Inferred Environment: Formed by in situ storm destruction of laterally
extensive, monospecific, ramose coral thickets, developed over a sandy 
bottom with little relief. Such stands typically occur in shallow 
subtidal backreef flats normally protected from disturbance by storms, 
where the high growth rates of ramose species ensure their competitive 
dominance (Huston, 1985). Damage pattern, lack of transport and
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disorientated clast arrangement are typical of hurricane-flattened 
thickets at the present day (Tunicliffe, 1981; Woodley et al., 1981; 
Knowlton et al.. 1982; Rogers et al., 1982; section D). Analogies to 
these present day examples suggesting water depths less than 15m, but 
probably not much shallower than 5m. Bed thickness typically about 0.5m, 
suggesting original thicket heights of over a metre. Assuming growth 
rates of l-15cm/year, as in living ramose species (Huston, 1985), 
intervals of 10-100 years between major hurricane events are indicated, 
much the same frequency as that of similar major damage on any 
particular reef at the present day (Woodley et al., 1981). Decreasing 
branch width decreases the volume of skeletal material needed to occupy 
a particular area of bottom and therefore allows more rapid growth at 
the cost of reduced structural strength. The trend discernable in the 
Anguilla Formation behind Katouche Bay suggests slight deepening of the 
lagoon, which would favour this trade off in skeletal characteristics; 
if strength was not critical increased lagoonal sedimentation rates 
would have a similar effect, but do not so well explain the parallel 
decrease in grainsize of associated ANG[D]. Within SFB 7 of Wilson 
(1975).
Inferred Echinoid Palaeosynecology: Fine preservation of Echinometra
prisca within a much coarser rudstone suggesting that the species had 
lived in the thicket prior to its demolition, presumably as an 
epibenthic or cryptic species at its base. Rarity and crushed 
preservation of Echinolampas semiorbis suggests that the few known 
examples were washed into this environment prior to or during demolition 
of the coral thicket.
Comparison to Other Successions: Almost equivalent to ANT[B3] of the
Antigua Formation, but far more uniform and laterally extensive, 
suggesting somewhat deeper thickets not in competition with seagrasses 
and perhaps also the existence of a more effective energy barrier at the 
bank edge. No described examples from the Maltese mid-Tertiary, although 
local equivalents to be expected in the Attard Member of the LCLF. 
Resembling some products of environments 5 and 10 on the modern Anguilla 
Bank, though these are similarly less extensive (see Section 3.3), and 
probably creating on demolition much of the dead coral bottom discussed 
by Kier & Grant (1965). Echinoid fauna of these modern equivalents 
restricted to the crevice-dwelling Echinometra viridis, of which 
Echinometra prisca is presumably an ecological equivalent, and the large
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superficial Diadema antillarum. The preservation potential of the latter 
is clearly abysmal and its absence from the fossil record is not 
surprising. Although it is easily the most obvious, and probably the 
most abundant echinoid in most Antiguan and Anguillan reef environments, 
not once did I come upon a dead test or isolated spine of it in a 
submarine environment.
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7.3.6 Facies ANG[F] White Unchannelled, Unslumped, Calcilutites
Diagnosis: White calcilutites with occasional laminae of argillaceous
mudstone; corals very rare and fragmentary, but mollusc fauna diverse; 
distinguished from superficially similar ANG[G] by poor sorting, 
abundance and diversity of fossil fauna, intimate association with 
backreef facies ANG[D], and absence of intraformational truncation 
surfaces or intercalated gravity flows.
Description: Planar-stratified white or greyish calcilutites with
abundant disorientated bivalve debris and occasional well-preserved 
moulds of complete specimens (Plate 69, figure 1). Apparent texture 
fossiliferous to sparse biomicrite (mudstone to wackestone).
Bioturbation apparently low to moderate (BI 0-?2), apparently 
Planolites. Internal moulds frequently cracked; vertical jointing 
frequent. Fossil moulds, burrows and joints picked out by ironstaining.
Palaeontology: Moulds of molluscs fairly common, often with very finely
preserved surface ornament but never in life position. Bivalve species 
including the lucinacean "Phacoides" and Venericardia or Gians, both 
generally complete with valves closed, as well as isolated valves of 
?Trachycardium and, very rarely, reworked Kuphus. Rare gastropods 
including "Cypraea" , Trivia and Xenophora. Crustacean fossils common, 
including whole carapace of Portunus s.s.. Echinoid material restricted 
to isolated plates and spines of Prionocidaris clevei.
Best Seen: Betty Hill Quarry, very top of Airport Quarry; very poorly
exposed.
Associations: Alternating with laminae of ANG[I1] and ANG[I3] with
which it sometimes intergrades; overlying ANG[D] in only other junctions 
exposed.
Inferred Environment: Facies associations and fauna generally
indicative of quiet backreef conditions. Striking absence of echinoid 
infauna, cracking of fossil internal moulds and existence of clayey 
laminae suggesting sediment muddy in the most restricted sense of the 
term, although soft and easily compacted faecal pellets may have been 
significant. Together with poor sorting, rarity of active burrowers, 
muddiness and preservation of argillaceous laminae suggestive of a
- 176 -
bafflestone origin. Although the microfauna of the facies is unknown and 
Sorites does not appear to have been present, nonpreservation of the 
baffle and some characteristics of the echinoid fauna (see below) 
suggest a seagrass meadow. In the absence of evidence for an 
autochthonous origin, the abundance of micrite suggests high populations 
of unskeletalized algae. Occurrence of fine bivalve debris, and the 
shell coat on included Xenophora conchyliophora, indicating a local 
source of bioclastic material. Probably below fairweather and perhaps 
below storm wave base, but in very protected environment. By reference 
to muddy inshore environments on protected parts of the contemporary 
Antiguan coast (e.g. off Guard Point) depth of deposition possibly as 
little as 0.5m and perhaps associated with fine littoral seagrasses. 
Predominance of Planolites and cracking of fossil moulds suggests very 
low sediment bearing capacity, corresponding to a soupgroup sensu Ekdale 
et al. (1984). Poor exposure and preservation of the known examples 
preventing more definitive assessment of original texture, precise 
energy conditions or environment.
Inferred Echinoid Palaeosynecology: Complete absence of any echinoid
infauna probably reflecting either mud-dominated bottom sediments, with 
which only a few spatangoids are capable of coping, existence of a 
seagrass rhizome net as in ANG[B1] and/or hypersalinity. The presence of 
Prionocidaris clevei as spines and isolated plates, but not of the 
mechanically similar Tretocidaris anguillensis, suggests that the former 
lived nearby but not the latter. In the absence of a hard substrate its 
existence suggests the presence of some other source of grazing 
nutrition. Its shorter much less obtrusively ornamented spines compared 
to the Antiguan species ^  spinidentatus, suggest outline interuption 
was a far less critical protective measure than in that open 
lepiocycline flats dweller, as might be expected amid seagrass leaves.
Comparison to Other Successions: Relationships uncertain as in ANT[D],
to which this facies shows many analogies. Possibly equivalent to the 
fine coastal seagrass meadows occurring at depths down to a few metres 
in protected embayments of the modern Antiguan coast. Analogy to the 
lagoonal Penicillus mudflats of Kier (1975) seems unlikely since these 
were shown to possess a varied echinoid infauna comprising Schizaster, 
Moira and Brissopsis. Probably ascribable to SFB 8 of Wilson (1975).
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7.3.7 Faciès ANG[G] White Calcilutites with Intraformational
Truncation Surfaces
Diagnosis: Monotonous white unfossiliferous calcilutites showing large
intraformational truncation surfaces.
Description: Spectacular intraformational truncation surfaces visible
in cliff sections (Plate 70). Occasional sharp-edged assymetrical 
channelling suggests that the sediment was relatively competent (Plate 
71, figure 2). Lack of thin section facilities preventing microscopic 
examination by the author, but Drooger (1951) examining the 
foraminiferal faunas described an abundance of planktics and small 
benthics.
Palaeontology: Macrofossils absent.
Best Seen: Cupecoy Bay, St Martin.
Associations: Locally includes channel fills of ANG[H] and bands of
ANG[I] (Plate 71). On a larger scale base not seen; passing up usually 
via ANG[I] into ANG[A].
Inferred Environment: Bank Slope. Absence of larger foraminifera, algae
or unrotated corals suggesting that lowest exposed strata deposited 
below euphotic zone. This is supported by Drooger’s (1951) records of 
numerous small benthic foraminiferans, notably Nodosariaceans and 
Uvigerina. The former rarely occur at depths less than 60m (Reiss & 
Hottinger, 1984) and are best developed at depths exceeding 91m today 
(Haynes, 1981), while Murray (1973) considered the latter to be typical 
of depths exceeding 100m. It is also consistent with Bold’s (1970) depth 
estimate of 40m+ on the basis of ostracod faunas in his sample SM4. 
Upwards shallowing indicated by transition to larger foraminiferal 
bearing and coraliferous sediments of ANG[I] and ANG[A] respectively. By 
analogy to modern deep reef sedimentation depth of deposition probably 
in excess of 150m.
Inferred Echinoid Palaeosynecology: Echinoid fauna unknown, clearly
rare and/or patchy.
Comparison to Other Successions: Exposed examples falling within
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carbonate slope faciès "G" of Mullins & Cook (1986) and corresponding 
lithologically to facies ANT[I] of the Antigua Formation, though the 
association with ANG[H] suggests slightly different slope dynamics. Also 
corresponding in general environment to the Ras ir-Raheb and Mgiebah 
Beds of the Maltese GLF, in which macrofossils and burrowing are 
likewise extremely sparse or absent. Echinoid synecology of modern 
equivalents apparently undescribed. Exposed examples corresponding most 
closely to SFB 3 of Wilson (1975).
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7.3.8 Facies ANG[H] Channel-filling Reef-debris Rudstones
Diagnosis: Rudstones and floatstones comprising well-rounded coral and
coralline algal clasts with grainstone matrix; bed bases erosional; 
infilling scours or channels in ANG[G].
Description: Generally infilling channels less than 3m wide and 0.3m
deep, trending about 290° in Cupecoy Bay (Plate 71, figure 2). Bedform 
typically planoconvex and symmetrical, rarely assymetrical with one bank 
steeper than the other; clasts up to 40mm in MD with coarse grainstone 
matrix. Occasional wedge-shaped beds up to 2m thick, characterized by 
clast size up to 70mm MD and very coarse grainstone matrix. Basal lags, 
grading and internal sedimentary structures absent. Bioturbation absent 
(BI 0).
Palaeontology: Diverse coralgal debris, with subsidiary oyster
fragments and worn spines of Tretocidaris anguillensis.
Best Seen: Cupecoy Bay, St Martin.
Associations: Occurring within ANG[G], becoming volumetically more
important upwards and grading sedimentologically into ANG[A3].
Inferred Environment: Debris deposits infilling channels on bank slope.
Absence of coralline algal bindstones on surfaces of rudstones 
suggesting deposition in the lower euphotic zone or below. By 
association with ANG[G] inferred depth of deposition 150m+.
Inferred Echinoid Palaeosynecology: Only echinoid species represented,
Tretocidaris anguillensis, occurring as clearly allochthonous spines; 
more fragile material probably filtered out taphonomically. Absence of 
indigenous fauna on the upper surface of the bed probably reflecting
absence of an algal mat food source at depth of deposition.
Comparison to Other Successions: Falling within slope facies "A" of
Mullins & Cook (1986) and SFB 4 of Wilson (1975). Lithologically 
equivalent to the lensoidal rudstones of the Antiguan subfacies ANT[H1].
No equivalent in the deepwater facies of the Maltese succession, which
was apparently deposited as horizontal beds rather than on a slope. 
Echinoid synecology of modern equivalents unknown.
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7.3.9 Faciès ANG[I] Medium-Fine Globigerine Packstones
Diagnosis: Medium to fine globigerine/pellet calcarenites.
Description: Beige to white tabular-bedded packstones and grainstones
(Plate 71, figure 1).
Palaeontology: Microfauna dominated by abundant planktic foraminifera,
which often constitute the main bioclastic component of the rock. Also 
including Lepidocyclina (Lepidocyclina) on Tintamarre, notably (L.) 
canelli as described by Drooger (1951). Echinoid fauna very diverse in 
Tintamarre exposures, dominated by Clypeaster cf. concavus, Echinolampas 
cf. lycopersicus, Eupatagus cubensis and Pericosmus blanquizalensis, all 
typically preserved as complete tests with little or no abrasion of even 
their most fragile ornament. Clypeaster and Eupatagus typically 
unencrusted, but Pericosmus often bearing a wide variety of epifauna on 
all parts of its test, including Carpentaria (often still retaining 
traces of an original reddish colouration) and other encrusting 
foraminifera, bryozoa and serpulids. Representative of this facies on 
Tintamarre also produced a complete test of Tripneustes (Eotripneustes) 
tintamarrensis n.sp., lightly encrusted, fractured along sutures and 
lacking jaws and apical disc.
Best Seen: Interbedded with and finally supplanting ANG[H] in Mullet
Pond Bay, St Martin, also westwards along the coast and at base of 
Airport Quarry, and on Tintamarre.
Associations: Overlying and interbedded with ANG[H] before finally
being overlain by ANG[A].
Inferred Environment: Upper bank slope setting, within euphotic zone,
below fairweather wave base but sometimes subject to gentle erosion by 
storm waves; sediment accumulation intermittent probably from 
unchannelized mass flows. Open marine setting indicated by abundance of 
planktic foraminifera. Fine preservation but extensive encrustation of 
the apparently epibenthic form Pericosmus blanquizalensis and the 
preservation of Tripneustes suggesting very quiet bottom conditions and 
long periods of nondeposition. This is supported by the excellent 
preservation and lack of encrustation on Clypeaster and Eupatagus. 
Although most Clypeaster tests in life orientation, a few overturned,
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suggesting rare gentle reworking of the bottom sediment. Local 
occurrence of thinly discoidal lepidocyclines and growth of encrusting 
Homotrematid foraminifera in exposed locations, but insignificant 
coralline algae, indicating deposition within lowest part of euphotic 
zone. Frequent crushing of fossils at pellet-rich horizons indicating 
pellets remained soft for a time after deposition. Breakage of the test 
of Tripneustes along sutures, loss of apical disc and minor encrustation 
suggesting a considerable period of post-mortem exposure in a deep 
protected environment. Inferred depth of deposition 70-150m, probably 
below 100m in examples on Tintamarre.
Echinoid Palaeosynecology: Species morphology and preservation patterns
suggest echinoid niche partitioning on the basis of burrowing depth, 
Pericosmus blanquizalensis apparently being superficial (at least in its 
death throws), Eupatagus cubensis and Clypeaster cf. concavus being 
shallow burrowers and Echinolampas cf. lycopersicus somewhat deeper. 
Slight differences from the typical Anguillan populations in the 
morphological characteristics of Clypeaster and Echinolampas may be due 
to the slight stratigraphie age difference, or perhaps to the different 
environmental setting. In view of the notorious plasticity of these 
genera and their already overloaded taxonomic literature these 
differences are not formally recognized here.
Comparisons to Other Successions: Equivalent to ANT[H3] of the Antigua
Formation. Somewhat resembling in general fauna and setting the 
"Prionocidaris/Bryozoa/Lepidocyclina/Wackestone Biofacies" of Challis 
(1980), but coarser grained and with a much richer echinoid fauna. 
Regarding echinoid palaeosynecology much closer to the 
"Scutella/Eupatagus/Wackestone Biofacies" which forms the Mgarr ix Xini 
and Gneja Beds at the base of the Maltese GLF. Although this latter does 
not show definitive evidence of a slope setting it is very close to 
ANG[I] petrographically and faunally, also being dominated by whole 
unabraded and morphologically similar Clypeaster, Echinolampas,
Eupatagus and Pericosmus, as well as containing reworked irregular 
echinoids. The same petrographic/faunal combination was also recognized 
by Challis (1980) in the Lower Miocene of southern France, Italy and the 
Vienna Basin. Her comparison to much shallower sand dollar rich 
environment off the Florida Keys is very misleading; her biofacies 
clearly occupied a forebarrier position well below fairweather wave 
base, favouring shallow-burrowing and superficially ploughing genera
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such as Pericosmus over deeper burrowing sediment feeders such as Meoma, 
The echinoid synecology of modern equivalents of this facies has never 
been properly described, presumably because they lie beneath the 
effective range of air-breathing SCUBA divers. Corresponding to slope 
facies "D" of Mullins & Cook (1986) and lying within the upper part of 
SFB 4 following the model of Wilson (1975).
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7.3.10 Faciès ANG[J] Tabular-bedded Terrigenous Clastics
General Diagnosis: Terrestrially derived non-carbonate material,
invariably deposited as tabular beds, sometimes overlying an erosional 
surface.
General Description: Units ranging from very thin laminae to very thick
beds in the lower part of the Anguillan succession, but rarely reaching 
thin bed status near its top; volumetric importance also decreasing 
upwards. Individual beds well-sorted but overall grainsize ranging from 
mud to coarse sand. Basal bedform and thicknesses of preserved beds 
generally depending on host facies rather than grainsize of 
non-carbonate material. In barrier reef environments only thick beds 
preserved characteristically infilling erosional scours and overlying 
sorted lensoidal biostromes. In lower energy back-barrier environments 
thin and very thin beds also surviving intact and basal contact contact 
generally planar even for coarse-grained deposits. Three "subfacies" 
distinguished on sediment grainsize, bed thickness and reworking 
history.
General Environment: Shallow marine dumping of storm-eroded material,
mainly pyroclastic and of terrestrial derivation. Absence of rudaceous 
material suggesting either that clastic source area was distant or, more 
probably, that the source and deposition areas were not separated by a 
slope suitable for the generation of gravity mass flows; debris flows 
entirely absent and storm-generated sand turbidites rare.
General Comparison to Other Successions: See ANT[J].
- 184 -
Subfacies ANG[J1] Calcareous Mudstones and Marls
Description: Poorly cemented calcareous mudstones and marls deposited
as single, tabular, thick to very thin beds and laminae. Colour 
variable, typically green to blue-grey; sometimes mottled and 
ironstained. Bed bases usually sharp, erosional or non-erosional 
depending on host facies. Thin beds easily dispersed by reworking in 
higher energy environments.
Palaeontology: Fossils absent from basal parts of thicker beds, except
for swamped prexisting corals swamped and preserved in life position .. 
In shallow backreef environments some Chione and Kuphus may survive 
swamping by thinner beds. No known echinoid fauna within thicker units 
but, within ANG[B1], upper surfaces of thin units often characterized by 
numerous Echinolampas semiorbis in life orientation (Plate 62, figure 
2).
Best Seen: Basal part of Katouche Bay Cliff; Square Cove and West End
Point Sections.
Associations: Thickest beds associated with ANG[A3], where they may
completely infill rhodolite-lined scours and occasionally swamp isolated 
ramose coral colonies. The existence of some dispersed terrigenous 
material within this facies suggests some thinner deposits may 
originally have been present but were subsequently reworked. Thin beds 
and laminae with a non-erosional base forming a characteristic element 
of ANG[B1] and an occasional element of ANG[F].
Inferred Environment: Rapid deposition of argillaceous mud and micrite
from suspension during a period of quiet bottom conditions following a 
major storm. Underlain by earlier storm-induced scouring in more exposed 
environments, well illustrating the event separation discussed by 
Goldring & Aigner (1982). Details of local setting best obtained from 
bracketing carbonate facies. The clay itself is allochthonous and 
presumably of terrestrial origin. Its influx must have been accompanied 
by extensive runoff of freshwater into the shallow marine environment. 
Initially no indigenous fauna, with fine grain size rendering subsequent 
colonization difficult. Inferred depth of deposition 5m+, depending on 
setting.
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Inferred Echinoid Palaeosynecology: Beds themselves containing neither
indigenous nor reworked echinoid fauna because of deposition from 
suspension, fine grainsize (with which few burrowing echinoid genera are 
able to cope), and negligible organic matter (which renders deeper 
deposit feeding unproductive). Unusual abundance of the jawless 
epibenthic Echinolampas semiorbis on the upper surface of some units in 
quieter settings presumably reflects concentration of non-skeletal 
organic debris at this level, as would be expected given its low 
density. It seems probable that despite the limitations of jawlessness 
this taxon had successfully adapted to feeding on seagrass, or 
seagrass-associated, debris (see ANG[B1]).
Comparison to Other Successions: Petrographically resembling ANT[J3]
but no real sedimentological equivalent in either the Antigua Formation 
or the Maltese succession.
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Subfacies ANG[J2] Thin Graded Beds of Terrigenous Sand
Description: Planar beds, upto 70mm thick, of chemically immature
medium to coarse sand, sometimes preserving evidence of grading and/or 
internal lamination. Basal surface planar and sharp; body of bed often 
subject to extensive disturbance by infaunal bivalves (BI 0-5), but 
rarely burrowed down into underlying strata.
Palaeontology: No evidence of entrained skeletal fauna at the time of
deposition, but may subsequently be colonized by large populations of 
infaunal bivalves, notably Chione (Plate 72, figure 1; text-figure 19).
Best Seen: In loose boulders entrained within the Crocus Bay landslip.
Associations: Examples seen within ANG[A3], ANG[B1] and ANG[F];
possibly also deposited in ANG[B2] and ANG[D] originally, but 
subsequently reworked.
Inferred Environment: Rapid deposition from relatively low energy storm
generated turbidite below contemporary wave base. Variously equivalent 
to Bouma A or AB divisions. Extensive colonization by filter-feeding 
infaunal bivalves, presumably as a consequence of good sorting. Active 
sediment feeding burrowers absent, presumably because lack of included 
organic matter made this mode of life unprofitable. Depth of deposition 
wide from lagoon to forereef, best indicated by bracketing facies.
Inferred Echinoid Palaeosynecology: Sediments apparently remained
uncolonized either by infaunal or epifaunal echinoids, an absence 
probably reflecting the paucity of included organic debris on which to 
feed.
Comparison to Other Successions: Directly equivalent in depositional
mechanism to ANT[J4] of the Antigua Formation, although contrasting 
markedly in palaeoenvironmental setting. The Anguillan facies occurs 
fequently in a platform lagoonal setting, while its Antiguan equivalents 
are preserved as segregated beds only on the bank slope. These 
differences probably reflect a combination of lower terrigenous sediment 
imput and less turbulent bank top conditions during deposition of the 
Anguilla than the Antigua Formation. The former factor seems unlikely to 
be due to greater distance from source area since it applies equally to
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the Anguilla Formation on St Martin, and probably reflects reductions in 
island relief and disappearance of easily erodable pyroclastic deposits. 
The latter would be consistent with a more effective bank-edge barrier, 
already postulated on other grounds (see Section 7.3.5). No Maltese 
equivalents. Modern equivalents known in active island arc setting 
(Sigurdsson et al., 1980); also analogous to the graded sand bed 
described by Ball et al (1966). Echinoid synecology of modern examples 
unknown.
- 188 -
Subfacies ANG[J3] Thickly-bedded Muddy Terrigenous Sands
Description: Poorly-cemented, medium to coarse, green to brown,
chemically immature sand with subsidiary shelly debris. Sometimes 
including stringers of small igneous pebbles and discontinuous muddy 
laminae; occasionally flaser-bedded (Plate 72, figure 2). Forming 
tabular units up to 2m thick. Bed bases planar or undulose; may swamp 
Kuphus tubes in life position. Bioturbation levels low to moderate (BI 
1-3); burrows occasionally mud-lined; vertical Teichichnus sometimes 
picked out by ironstaining.
Palaeontology: Fauna depauperate. Turritella, locally abundant as
fossil stringers with long axis of shells in plane of bedding but not 
otherwise uniformly orientated; occasional nests of oysters and Kuphus 
in life position. Reworked debris includes isolated oyster valves, 
pectinid and other bivalve fragments together with rare coralline algae.
Best Seen: East of Mead Point; Square Cove Section.
Associations: Typically overlying and overlain by ANG[D], occasionally
ANG[F] or ANG[B]. Grades into ANG[J1].
Inferred Environment: Terrigenous sands subject to variable reworking
above or temporarily below fairweather wave base. Softground bottom 
subject to periodic scouring and rapid sediment dumping indicated by 
gravel lags and Teichichnus; waveswept nature suggested by occasional 
Kuphus and the lack of preferred long axis orientation within the 
bedding plane for the Turritella (see Futterer (1982); periods of quiet 
bottom conditions indicated by mud laminae. Actual presence in an area 
of predominantly limestone deposition, very low faunal diversity, and 
importance of wave action indicative of shallow and restricted inshore 
environment. Depth of deposition probably less than 10m.
Inferred Echinoid Palaeosynecology: As ANG[J2], possibly with problems
of echinoid colonization compounded by abnormal salinity.
Comparison to Other Successions: Closely resembling facies PPF[D] and
PPF[E] of the Pelican Point Formation on Anguilla (see Appendix F). 
Closely resembling parts of the Cassada Garden Gravel on Antigua, but no 
equivalents in the Antigua Formation itself or the Maltese mid-Cenozoic.
- 189 -
7.4 Summary of Facies Relationships and Echinoid Palaeosynecology in 
the Anguilla Formation
Original spatial relationships between the depositional 
environments of facies and subfacies distinguished in the Anguilla 
Formation are summarized diagramatically in text-figures 21 and 22, the 
former a plan view and the latter a sectional view across the Lower 
Miocene Anguilla Bank. The geohistorical development of the Anguilla 
Bank during Cenozoic times is summarized in the context of a typical 
island arc succession in text-figure 54. A summary of the echinoid 
distribution patterns is given in Table 2.
7.5 Diagenesis in the Anguilla Formation
The diagenetic history of the Anguilla Formation is of 
subsidiary interest as regards its echinoid palaeobiology, and has 
already been discussed in this context above. It remains to note those 
differences between the diagenetic histories of the Antigua and Anguilla 
Formations that may have general significance as regards the 
sedimentological evolution of relict arc islands. The patterns of 
syndepositional and early burial carbonate diagenesis in the Anguilla 
Formation essentially parallel those of the Antigua Formation, but late 
burial and epidiagenetic developments are rather different. 
Stylolitization and veining are both much rarer in the Anguilla 
Formation, occurring only at the very base of the unit on St Martin; 
this suggests considerably lower overburdens and supports stratigraphie 
arguments for slower subsidence rates. Much more extensive epidiagenetic 
modification seems to reflect a purer carbonate substrate. More 
importantly, however, the extent of silification is strikingly less in 
the Anguilla Formation than in the Antigua Formation, being almost 
entirely restricted to rare chert nodules in distal slope facies. This 
almost certainly reflects the much lower proportion of fresh 
volcanogenic material within the Formation, or exposed to weathering on 
terrestrial parts of the Lower Miocene Anguilla Bank. This, in turn, is 
presumably related to sharply decreased pyroclastic imput and rapid 
removal of previously deposited subaerial material.
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Chapter IV
General Conclusions of Sedimentological and Synecological Studies
This chapter summarizes the sedimentological characters of 
island arc carbonates and how they seem to evolve as volcanic activity 
declines. It proceeds to describe some important global conclusions that 
can be drawn from the character of Antiguan and Anguillan mid-Cenozoic 
palaeoenvironments, especially as regards equatorial palaeoclimates and 
ocean surface temperatures. Depositional patterns in mid-Cenozoic Lesser 
Antillean carbonates are then specifically compared to those of 
contemporaneous Tethyan sequences, with an emphasis on potential 
echinoid habitats. Finally the echinoid palaeosynecologies of Lesser 
Antillean and Central Mediterranean mid-Cenozoic carbonates are 
compared, a generalized pattern of echinoid biofacies described, and 
important regional differences noted.
1. Comparisons between Caribbean and Mediterranean Mid-Cenozoic 
Carbonate Palaeoenvironments
Although many individual comparisons of detail between 
particular Caribbean and Mediterranean carbonate units have already been 
made, it remains to summarize their overall similarities and 
differences.
1.1 Contrasts between Antiguan and Anguillan Sedimentary Successions
While deposited in similar overall tectonic settings, the 
exposed strata of Antigua and Anguilla Formations show differences 
reflecting deposition at different stages in the evolution of a relict 
island arc, and in different positions relative to the volcanic core of 
their respective banks.
1. The presence of airfall pyroclastics in the Antigua Formation
but their absence on Anguilla, the consequence of a continuing decrease 
in volcanic activity.
2. The frequency of non-carbonate epiclastic material throughout
the Antigua Formation but its rarity in the Anguilla Formation, except
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at the unit’s base. Due to decreasing terrestrial erosion rates and 
increased bank width.
3. Frequent silicification in the Antigua Formation, including some 
at a relatively early stage in diagenesis, but little or any in the 
Anguilla Formation. Associated with lower levels of chemically unstable 
volcanogenic material.
4. The considerably higher depositional rate of the Antigua than 
the Anguilla Formation, indicated both by overall measures of 
accumulation (at least 150m/myr compared to around 25m/myr; see Section 
3.1), and by local sedimentological events such as the frequent 
preservation of cross-bedding in ANT[G] while it is generally destroyed 
by bioturbation in analogous beds of ANG[C]. Lower subsidence rate 
during formation of younger unit is possibly related to decreased 
cooling rate as temperature of sub-arc crust declines.
5. On Antigua, shoreline progradation prior to the commencement of 
limestone formation allowed the development of varied freshwater and 
terrestrial deposits at the top of the marine clastic sequence. On 
Anguilla only the most littoral of terrestrial environments are briefly 
represented in the clastic deposits laid down before the onset of 
carbonate sedimentation. This apparently reflects the more distal 
position of the Anguillan sections relative to the igneous centre of its 
bank, a position possible only because of more extensive sedimentary 
progradation below sea level.
6. The bioturbated deltaic muds, lignites, and silty sands of the 
Upper Pelican Point Formation on Anguilla contrast with the coarse 
alluvial fan-delta deposits of the Cassada Garden Gravels on Antigua.
The latter were produced as a result of rapid, high volume, terrestrial 
erosion and deposition on a relatively high energy shoreline, the former 
by slower deposition on a protected coast. The difference in 
sedimentation style probably reflects deposition of the Antiguan strata 
on a narrow marine shelf still receiving considerable coarse-grained 
clastic imput extensive subaerial exposures of poorly-cemented 
pyroclastic deposits. By the stage the Anguilla Formation came to be 
laid down the submarine shelf was wider, affording better coastal 
protection, with terrestrial erosion rates lower and their products 
finer grained. Differences related to the rate and quality of sediment
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imput may also have been modified by slight variation in orientation of 
the available sections on their host banks, particularly exposure to 
Atlantic swells.
7. In the Antigua Formation, slope patch reefs are important with 
the bank top to bank slope transition often relatively deep and the 
angle of the upper slope low; margin essentially depositional, with a 
coarse sediment apron abutting the bank edge and deposited mainly from 
laterally unconstrained mass flows; reef arrangement "Type II" of Wilson 
(1975). In the Anguilla Formation the bank edge seems to be dominated by 
more massive reefs (Type III of Wilson, 1975), with improved trapping of 
terrigenous material behind it and a sharp increase in slope beyond it; 
margin partially bypass in character, probably with both upper slope and 
lower "base of slope" coarse sediment aprons separated by a zone of 
hemipelagic sedimentation exceptionally subject to slumping and cut by 
channels infilled with coarse reefal debris. Even in this case, however, 
there is no evidence for a vertical deep fore-reef or for the occurrence 
of "haystack" reef-rock blocks, as described for some modern Caribbean 
reefs, for example off Jamaica.
8. During deposition of the Antigua Formation, well-sorted 
lenticular rudstones and coarse grain-supported calcarenites were more 
widely distributed over the bank top than was the case when the Anguilla 
Formation was laid down, while muddy non-pelloidal bottoms are 
relatively rarer. This seems to reflect higher energy bottom conditions 
on the bank top when the Antigua Formation accumulated, probably 
associated with poorer development of a bank-edge energy barrier, as 
discussed above.
9. The occurrence of patchy, gentle and low energy lagoonal and 
bank edge buildups in the Antigua formation (mainly due to the 
accumulation of large lepidocyclines), but no comparable facies in the 
Anguilla Formation. This may be related to the greater depths of many 
Antiguan Bank Top facies, and probably correlates with the absence of 
Kuphus from Antiguan, but not Anguillan, lagoonal settings
Although the supposed arrival of seagrasses in the eastern 
Caribbean, and the decline of the Lepidocyclines may partially account 
for some differences, such as 8 and 9, the most serious mechanistic
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difference seems to have been cessation of active subaerial volcanism 
before the deposition of the Anguilla Formation commenced, while 
activity was still occurring contemporaneously with the deposition of 
the Antigua Formation (albeit at a much-reduced rate). This, in turn, 
controlled the pattern of clastic sedimentation. While imput of fresh 
pyroclastic sediments was high, the bank could build above sea level and 
many carbonate production systems were inhibited; as it decreased, 
clastic sedimentation became predominantly submarine and conditions for 
limestone formation improved.
- 197 -
1.2 Characteristic Features of Sedimentological Sequences developed 
over Extinct Island Arcs
By comparing the oceanic island arc sequences described above 
with contemporaneous neotropical carbonate units deposited in the 
microcontinental setting of Puerto Rico and the more or less continental 
setting of Florida it is possible to discern a number of ways in which 
they appear to have been affected by their tectonic setting, and the 
manner in which these effects change during and after arc abandonment:
1. In arc settings lithological correlation, both within units and 
between units, can prove exceedingly difficult, even on a kilometre 
scale. The problems stem from isolation on small topographic highs of 
varying history and rapid lateral facies variation, separated by deep 
barrier troughs.
2. Steep-sided volcanic highs exert strong controls on carbonate
platform development. Small flat topped platforms and atolls are said to 
be expected if suitable buildup-forming organisms are available (Read, 
1985). The association of atolls with mid-oceanic volcanic islands in 
the Pacific has been recognized since the work of Darwin (1842). Such 
reef structures are relatively rare in the Caribbean, though occasional 
examples have been described, notably by Stoddart (1962, 1977) and 
Milliman (1973). In the absence of strongly directional winds, waves and 
currents, carbonate facies patterns should be essentially annular with 
energy levels decreasing centripetally. The normal form of reef 
development in this region results in a wide reef flat platform. This 
generally extends preferentially in the direction of the strong 
prevailing winds and currents, reducing the overall circularity of the 
facies pattern. The banks on which the islands of the Outer Leewards are 
said to lie appear partially to have been produced by prograding 
carbonate platform development following the termination of active 
volcanism along this line. The rarity of atolls and barrier reefs in the 
Atlantic seems to be related to the relative youth of potentially atoll 
forming Caribbean islands which have not yet been subject to the lengthy 
continous subsidence seen in Pacific examples (Milliman, 1973). Other 
factors of some importance may be the relative insignificance of massive 
encrusting coralline algae, higher lagoon sedimentation rates and the 
poor development of leeward reefs. Freedom of platform edges combined 
with considerable seismic activity favours rotational block-faulting
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around the margins of the island banks, which can sometimes be 
syndepositional, confusing palaeoenvironmental patterns.
3. Small bank/platform size and oceanic influence inhibit both
evaporite deposition and dolomitisation. No Lesser Antillean island 
possesses substantial dolomites and it is unlikely that they would have 
done so even if they lay in the subtropical belt of maximum marine 
salinity. By the same token the islands will typically be subject to 
oceanic microtidal rather than macrotidal regimes, be deposited in fully 
oxygenated condition, and generally preserve open sea faunal elements 
such as planktic foraminifera throughout. Unlike similar sized exposures 
of continental shelf carbonate sequences, those of island arcs typically 
display a complete range of environments from littoral to deep slope 
(SFB 2-8 of Wilson, 1975) as lateral equivalents within a single rapidly 
deposited unit.
4. General island subsidence due to cooling allows rapid 
sedimentation to be accommodated and inhibits hardground development. 
Deposition rates both of reworked volcanoclastics and carbonates appear 
to be very rapid on newly relict arcs and sequences are chronologically, 
if not sedimentologically and structurally, essentially continuous. It 
is likely that rapid subsidence, in combination with sedimentary stress 
is also a factor in explaining the rarity of atoll formation at this 
early stage in relict arc development, whether following the models of 
Darwin (1842) or Purdy (1974).
5. The explosive nature of calc-alkaline island arc volcanism 
generates vast quantities of easily erodable pyroclastic material, the 
input of which into the shallow marine environment controls 
sedimentation patterns around volcanically active islands. However, 
subaerial reworking of such deposits is very rapid (Sigurdsson et al., 
1980), consequently their domination of sedimentation patterns does not 
long endure after primary pyroclastic deposition has ceased. Chanelling 
of runoff imposes a more or less radial facies pattern of coarser 
material around the island, while pyroclastic fall-out generally 
produces a comprehensive blanket elongate in the direction of the 
prevailing wind (Roobol et al., 1985). While volcanism is active, 
primary pyroclastic deposition continues, the relief of the island 
remains high, local air flow is obstructed, rainfall is heavy and 
subaerial erosion rapid. The shallow marine environment is affected both
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by high freshwater runoff and high clastic sediment input, factors which 
strongly inhibit coralgal reef development. Only when declining 
volcanism can no longer provide enough pyroclastic material to maintain 
the subaerial relief of the island can coastal runoff and clastic 
sedimentation rates decrease to the point where carbonate platform 
development becomes possible.
6 . Even when carbonate sedimentation has become dominant, 
continuous large-scale reefs will not develop for long periods due to 
occasional swamping by reworked clastic material, even though growth 
rates in the intervening periods may be very high. The absence of a 
mature biological energy barrier at the bank margin ensures grainstones 
and packstones predominate over most of the platform, with true mud 
facies rare. Detailed lithological patterns are unstable and lateral 
facies variation high; clastic sedimentation produces the only reliable 
small to medium scale lithological markers. In contrast to the norm for 
carbonates, sedimentary structures are often very well picked out by 
pyroclastic impurities. Trapped at a subdominant stage in their 
ecological successions faunal diversities will tend to remain high, and 
frameworks largely primary. Relatively short-lived photophilic organisms 
such as larger foraminifera may compete successfully with corals over a 
wide range of unstable substrates.
7. Differences in the origin of volcanoclastic and carbonate
sediment lead to an interesting change in the bathymetric range of 
deposition, even though basic subsidence pattern is likely to have been 
similar. Accumulations of reworked volcanoclastics can cause building-up 
out of a submarine environment to dry land, since sediment imput to them 
is not directly dependent on depositional conditions. Only once a region 
has risen above sea level is it likely to be bypassed by subsequent 
sediment imput. The resultant pattern is one of a terrestrial coastal 
plain building out to sea. Individual stratigraphie sections typically 
show a straightforward upward shallowing sequence terminating with 
terrestrial deposits. The bathymetric pattern of carbonate deposition is 
rather different. Sediment production is mainly by autochthonous living 
organisms, and therefore depends largely on local environment. It is 
almost entirely submarine, reaching its highest rates under 
well-oxygenated euhaline conditions. Such conditions are more likely to 
be achieved around the periphery of a bank than in inshore waters 
subject to clastic and freshwater imput. In consequence the edge of a
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bank will tend to build up faster than the interior. Provided that 
production can be maintained against higher levels of water turbulence, 
and therefore rates of erosion, the bank edge will tend to become 
shallower than its interior, as well, of course, as its surrounds. Like 
a clastic sequence carbonate deposits will tend to prograde into deeper 
water oceanwards, but the ecostratigraphic pattern in any mature 
sequence is likely to be rather different. Although the unit as a whole 
may be transgressive, in the sense that coastal onlap is proceeding 
consistently, individual sequences may not show consistent upward 
shallowing. A typical stratigraphie section taken behind the periphery 
of a prograding carbonate platform will tend to show initial upwards 
shallowing to platform edge reefs or shoals, followed by a certain 
amount of deepening into back barrier facies. Only in the 
tidally-dominated sabkha environments of some subtropical coasts does 
mechanical accumulation of carbonate sediment allow extensive subaerial 
progradation of carbonate shorelines.
8 . High levels of various metal ions, most notably iron, and 
dissolved silica may be associated with continuing chemical 
deterioration of unstable volcanic minerals and solution of fine 
volcanic ash, both on emergent volcanic terrains and disseminated within 
the marine environment. As a consequence even limestones now lacking 
obvious clastic impurities will characteristically be very iron-rich and 
may frequently be silicified, particularly near the base of the 
succession.
9. Steep island slopes and relatively high levels of seismicity 
promote slumping and gravitational mass transport in slope settings.
Even in predominantly limestone successions stratal failure can be 
favoured by the inhibiting effects of primary or diagenetic argillaceous 
impurities on cementation.
10. Tectonic instability of arc islands means growth-faulting can be 
common, and even almost contemporaneous units, such as the Central Plain 
Group and Antigua Formation of Antigua, can be separated by angular 
unconformities. Furthermore, seismic activity is likely to be a 
significant resedimentation trigger, particularly in bank facies, 
leading to a particularly high frequency of intraformational truncation 
surfaces.
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11. The overall extensional structural regime associated with plate 
subduction promotes normal faulting at depth, sometimes accompanied by 
asymmetric and monoclinal folding in shallower less competent strata.
A general model for the development of shallow marine 
sedimentation patterns around volcanic island arcs, based on 
mid-Cenozoic events in the Outer Leewards, is given in text-figure 54 
after Chapter VI.
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2. Mid-Cenozoic Palaeoenvironmental Patterns in the Caribbean Region 
and their Bearing on Clobal Syntheses
2.1 Climatic and Oceanographic Patterns
Many features of the Antigua and Anguilla Formations are 
important climatic indicators, whose evidence can contribute to current 
debate regarding global climatic change through the Cenozoic. The very 
diversities of Antiguan and Anguillan coral faunas, noted both by Frost 
& Weiss (1979) and Vaughan (1919), are a strong indicator of stable 
tropical conditions resembling those of the present day. Their evidence 
is corroborated both by the diversity and taxonomic composition of each 
unit’s echinoid fauna. The same picture is presented by the marginally 
earlier terrestrial environments of the Central Plain Croup on Antigua 
which have yielded many petrified tropical woods, notably of diverse 
palms, and by palaeobotanical evidence from other parts of the West 
Indies and Americas (e.g. Hollik, 1924, Frederiksen, 1980).
The occurrence of thin coals immediately below the Anguilla 
Formation in Crocus Bay, Anguilla (see Appendix F), and of stable 
freshwater lakes in the Central Plain Croup of Antigua (see Hussakof, 
1907; Brown & Pilsbry, 1914) suggests that aridity was probably lower 
than at the present day. This is consistent with the total absence of 
evaporites or early dolomitization in the mid-Cenozoic strata of either 
island, and supports the global pattern distinguished by Janecek & Rea 
(1983) and Rea et al. (1985) from mass accumulation rates of aeolian 
sediments in deep sea settings. The absence of mid-Cenozoic oolites in 
the northernmost Lesser Antilles confirms that then, as today, these 
islands lay south of the oceanic salinity maximum associated with the 
arid climatic belt. That such conditions extended at least as far south 
as Anguilla during the intervening period is indicated by the oolitic 
nature of many Plio-Pleistocene beachrock deposits on that island and 
the occurrence of caliche glaebules in its soils.
Sedimentary structures show that at least the northern islands 
of the Lesser Antilles were wracked during mid-Cenozoic times, as at the 
present day, by intense tropical cyclones, and with much the same 
frequency. Wendland (1977) has shown that in the modern North Atlantic, 
a minimum oceanic area of 8.5 million square kilometres must achieve a 
mean monthly temperature exceeding 26.8 C before hurricane or tropical
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storm development can occur. He also showed that, beyond these 
thresholds, higher areas increase hurricane frequency exponentially. 
Controlled mainly by the latent heat of vaporization of water and 
therefore directly related to the causal mechanism of all tropical 
cyclones, this relationship is unlikely to have changed significantly 
through the Cenozoic. The abundance of hurricane-created sediments and 
structures in the Antigua and Anguilla Formation therefore indicates 
that Upper Oligocene and Lower Miocene sea surface temperatures over the 
tropical Atlantic as a whole closely resembled those of the present day. 
This consitutes an important and previously overlooked line of physical 
evidence confirming the palaeobiological evidence maligned by those 
proponents of stable isotope studies who postulate that they were much 
lower (e.g. Savin et al., 1975, Savin, 1977, Shackleton, 1979, Douglas & 
Woodruff, 1981; see Appendix J, Sections 7.2, 9.3 and 9.5.4).
In summary then, the mid-Cenozoic climates of Antigua and 
Anguilla were both winter-dry-tropical (Aw) tending to wet-tropical 
according to the nomenclature of Trewartha (1968), lying at the boundary 
between the equatorial and arid zones in precipitation-biassed zonations 
like that of Blackett (1961). This is essentially the same climatic 
position that they occupy at the present day, suggesting that the centre 
of the equatorial climatic zone has been little effected by changes in 
polar climate over the last 35 myr.
The importance of reefs, and the absence of bimodal 
cross-bedding or a distinctive intertidal zone, indicates low amplitude 
microtidal regime on the mid-Cenozoic Barbuda and Anguilla Banks, 
suggesting that the marine connections across Central America at that 
time did not greatly affect the positions of amphidromic points in this 
region. Overall sediment grainsize, reef character, asymmetry of reef 
talus preservation and progradation pattern indicate maximum wave 
exposure on Atlantic facing slopes, as at the present day.
2.2 Tectono-sedimentary Patterns
Although volcanic activity was clearly falling off in the 
Limestone Caribbees towards the end of the Paleogene, direct pyroclastic 
deposition and hypabyssal intrusion were still important in Late 
Oligocene times on the Barbuda Bank, and occasional even as late as the
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Burdigalian on the Anguilla Bank.
Both the Antiguan and Anguillan successions show evidence of 
normal syndepositional growth faulting on all scales. Facies patterns 
suggest that the position of the bank edge during the deposition of the 
Antigua Formation was controlled by the same mechanism subsequently 
responsible for the formation of the North Antigua Monocline, while a 
partially fault-controlled bank top topography would be consistent with 
earlier records of geographic variation in thickness and basal contact 
style. On the Anguilla Bank penecontemporaneous listric faulting may 
account for the progressive reduction in the stratgraphic dip of the 
Pelican Point Formation up an apparently continuous section (see 
Appendix F) and for the locally greater age of the strata on Tintamarre 
than elsewhere on the Bank; certainly the repeated exposures of the 
Formation’s base and its centripetal dip relative to the bank core on 
Anguilla and Dog Island suggest that large-scale listric faulting has 
since been active. On a smaller scale, intraformational truncation 
surfaces and slump-folding in slope facies provide abundant evidence of 
synsedimentary structural failure in both units. In some cases their 
long term development seems indicated by upwardly decreasing fault 
throws.
2.3 Geohistorical Development
Associated with continued onlap against and submergence of a 
volcanic island (indicated by upwardly decreasing epiclastic content and 
loss of reworked terrestrial sediments), both the Antigua and Anguilla 
Formations are essentially transgressive sequences. In the Antigua 
Formation, bank top sedimentation seems to have kept up with relative 
subsidence and depth of deposition, at any one point, remained more or 
less constant. The apparent upward transition from bank top to bank 
slope seen in stratigraphie sections reconstructed from the long 
subhorizontal coastal outcrops does not indicate a blanket drowning of 
the Barbuda Bank as believed by Frost & Weiss (1979) and Theis (1980), 
but is rather an artefact reflecting traversal of the original bank 
edge. Most subvertical sections remain entirely within the same general 
setting and depth range (e.g. such that exposed in Piggot’s Hill remains 
entirely within bank top facies), while the dominance of hemipelagic 
calcisilt in deeper settings indicates the proximity of an extensive
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shallow-water "carbonate factory" rather than a flat-topped seamount. 
This revised interpretation is more in keeping with the hypothesis of 
Wilson (1975) that under favourable conditions carbonate production can 
keep up with "almost any amount of tectonic subsidence or eustatic sea 
level rise". Only in the Friars Head/Exchange Bay area is there evidence 
for real upwards-deepening, from "bank edge" facies ANT[G] to "bank 
slope" facies ANT[H]. This transition was probably caused by local 
backstopping at an otherwise stationary margin. Schlager (1981), while 
confirming that sea level rises associated with long-term geological 
processes are too slow to drown healthy carbonate platforms, suggested 
that rapid local sinking associated with regional downfaulting could do 
so. Contrasting with the Antigua Formation, the Anguilla Formation on St 
Martin shows evidence of bank edge progradation in the form of a clear 
upwards-shallowing sedimentary sequence; white hemipelagic limestones 
and channeled debris flows of the upper bank slope superfacies are 
overlain by bank edge calcarenites and reefs. Evidence of increasing 
water depth in the upper part of the Anguilla Formation on Anguilla 
itself may represent either deepening lagoonal conditions as barrier 
reaches maturity (reduces the biological favourability and sediment 
production in more restricted areas), overall bank foundering, or 
localized foundering as a consequence of rotational faulting. Not only 
is a return to true bank slope deposition difficult to envisage 
geometrically for what was initially a bank top environment, but there 
is no evidence of deposition on a slope.
Frost & Weiss (1979) seem to believe that sea level went up and 
down like a yoyo relative to the Barbuda Bank during deposition of the 
Antigua Formation. Both their Little Cove and Slaughterhouse Quarry 
reefs, at different horizons, are said to have developed, within a 
stratigraphie interval of some 3m, from bank slope environments at 
depths in excess of 100m into the uppermost few metres of the euphotic 
zone. The substantial drops in sea level their interpretation requires 
should have exposed to subaerial diagenesis large areas of shallow water 
carbonates, yet there is little evidence in the Antigua Formation for 
the extensive soil horizons, early vadose cementation, karstification, 
subaerial reworking or hardground ichnofacies that might then be 
expected. The author interprets their low relief Little Cove Patch Reef 
as a deepwater forereef community developed directly over an 
allochthonous shallow-water debris deposit. Negligible upward-shallowing 
was involved prior to its formation; certainly it never reached depths
- 206 -
as low as Im, as Frost & Weiss (1979) proposed. Their Slaughterhouse 
Reef was developed over lagoonal sediments at depths far shallower than 
the 150m they suggest. The only significant period of rejuvenation 
affecting the Antigua Formation appears to have been that leading to 
increased epiclastic output during deposition of the Boon Point Member; 
even this seems to have acted directly just on terrestrial environments. 
The only other case known is that associated with the production of a 
local hardground in shallow water right at the base of the Formation.
Although the age difference between the Antigua and Anguilla 
Formations significantly affects their detailed sedimentology it is 
possible to fit both into the same developmental model for island arc 
carbonate sequences described diagramatically in text-figure 54. At 
first, the bank margin remains stationary because carbonate production 
does note greatly exceed subsidence rate. Later, as the first increases 
and the latter decreases the margin begins to prograde. Decreasing 
environmental energy seen in the latter Anguilla Formation probably 
reflects the outward barrier migration due to lateral accretion.
Although both were deposited on rimmed shelves (sensu Read, 1985), there 
is no evidence in either the Anguilla or Antigua Formations for emergent 
islands peripherally, as in the modern Bahamas. In both cases the 
observable margin of the bank top was essentially depositional rather 
than bypass in the sense of Mcllreath & James (1979) or Enos & Moore 
(1983), accretionary in the sense of Read (1982). There is no direct 
evidence for a large sharp drop-off, either in the form of very abrupt 
facies transitions or of reef-block talus deposits, although steep 
slopes did occur proximally in some regions. Moreover, a continuous 
bathymetric range of forereef deposits with low depositional dips 
appears to be represented throughout the photic zone, in contrast to the 
30 to nearly vertical slopes recorded below 40m depth for the shelf 
margin off Belize (James & Ginsburg, 1979). That the importance of 
carbonate aprons and fans is not inconsistent with this margin pattern 
has been carefully illustrated by Cook (1983). Fan deposition appears to 
be restricted to the proximal parts of the slope, where it is associated 
with storm ebb deposits in transbarrier channels. In contrast to the 
situation in siliciclastic deposits, more distal off-bank debris 
are of sheet form, producing an apron topography rather than the fan 
shape characteristic of siliclastic shelf edges. Geopetal structures 
indicate that sedimentary dips on the bank slope decrease distally 
giving it a concave form, in common with the slopes of continental
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carbonate banks such as the Bahamas and in contrast to the straight or 
convex shape of siliciclastic slopes (see Schlager & Camber, 1986).
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3. Comparison of Mediterranean and Caribbean mid-Cenozoic Carbonate 
Palaeoenvironments as regards Echinoid Habitats
3.1 Rate of Sedimentation
Overall carbonate sedimentation rates are strongly dependent on 
tectonic/eustatic controls. For the latter reason, growth rates of 
Holocene shallow water carbonates are at least an order of magnitude 
higher than net accumulation rates of ancient carbonate sequences 
(Wilson, 1975, p.15). For the former, late Oligocene sedimentation rates 
were considerably higher on the Antigua/Barbuda Bank than on the Maltese 
Platform. For the Antigua Formation, average rate of deposition exceeded 
150m/myr and may have been as high as 500m/myr if depositional rates are 
comparable to those of the underlying Central Plain Croup (which cannot 
be distinguished from it biostratigraphically). The former is 
approximately equal to the subsidence rate of cooling crust, the latter 
approaches the maximum growth potential for contemporary reefs below 10m 
depth, both as given by Schlanger (1981). These correspond to the normal 
and absolute limits of vertical accumulation rate in ancient carbonate 
sequences (Cook, 1983). Correcting for the changed geochronometry of 
Berggren et al. (1985), Figure 7 of Challis (1980) (adapted from an 
earlier report by E.P.F. Rose) indicates an average deposition rate of 
approximately 13m/myr for the Lower Coralline Limestone Formation of 
Malta. Overall deposition rates for the Lower Miocene Anguilla Formation 
and Middle Clobigerina Limestone Formation are much less disparate, 
though those of the Lesser Antillean unit are still greater. Assuming c_^  
4myr duration for the deposition of the Anguilla Formation, and a 
minimum thickness of 100m (both conservative), average deposition rates 
should have been c_^  25m/myr, but this may easily be underestimate by 
factor of two or more. Calculations from Figure 7 of Challis (1980) 
indicate deposition rates of only some 6m/myr for the Maltese Middle 
Clobigerina Limestone Formation.
Much lower deposition rate on the mid-Cenozoic Maltese platform 
than on its Lesser Antillean equivalents has considerable ecological 
effect. Although one does get minor synsedimentary cementation of the 
Antigua and Anguilla Formations, in deep bank slope settings and perhaps 
locally due to exposure in very shallow environments, long periods of 
nondeposition over wide areas are not the norm. Consequently ubiquitous 
hardgrounds analogous to those described by Bennett (1980) on Malta do
- 209 -
not occur and well-developed hardground faunas or remanie deposits are 
absent. The only common hard-bottom biota is the specialized one 
associated with biological reefs, which by function of their relatively 
high energy do not favour its preservation. By the same token, swamping 
of fossil populations seems to be more common in Caribbean successions, 
particularly that of Antigua, than on Malta.
3.2 Rhythm of Sedimentation
In addtion to differing in overall rate of sedimentation. Lesser 
Antillean and Maltese mid-Cenozoic limestones show significant 
differences in what can be termed "sedimentation rhythm". In the 
Caribbean, this is dominated by the severe effects of hurricane storm 
surges at irregular intervals of tens to hundreds of years. These 
suddenly introduce large volumes of terrigenous material to the marine 
environment, decimate shallow water communities and disturb bottom 
sediments well below storm wave base in bank edge settings. The absence 
of comparable, severe but infrequent, storms in the mid-Cenozoic of the 
Mediterranean is predicted on general climatological principles and 
confirmed by sedimentological observations (Appendix J, Section 9). 
Disturbance has long been considered an important ecological control, 
particularly on this intermediate time scale, restricting the 
development of climax communities dominated by a few highly-adapted 
species but not excluding them altogether. Specifically from the point 
of view of echinoid habitation, hurricane activity produces extensive 
coarse rudstone substrates over normally tranquil bottoms favouring 
suitably adapted large epibenthic forms and somewhat restricting those 
of finer sediments.
3.3 Palaeobathymetry
Depositional palaeobathymetry poses some problems for Upper 
Oligocene comparisons between Antigua Formation and Lower Coralline 
Limestone Formation and even more serious ones when comparing the 
previously described faunas of the Anguilla Formation on Anguilla and 
those of the Clobigerina Limestone Formation. The Maltese Upper 
Oligocene seems to lack analogues of the deeper lagoonal and forereef 
coralline algal/large lepidocycline deposits that are so important on
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Antigua. To fill this gap comparisons are extended to the Libyan 
mid-Cenozoic where similar sediments do occur. As regards Lower Miocene 
comparisons the published echinoid fauna of the Anguilla Formation 
represents that of sediments deposited at depths less than 50m, while 
those of the Clobigerina Limestone Formation are deeper water faunas 
living at depths exceeding 70m (Bennett, 1980; Challis, 1980). 
Description of a bank slope fauna from Tintamarre extends the 
palaeobathymetric range of the Anguilla Formation, while inclusion of 
well-known reef and lagoonal facies in southern France fills this gap in 
the Mediterranean dataset.
3.4 Petrography
Carbonate sedimentary environments are particularly prone to 
biological control, both as regards sediment source and pattern of 
deposition. As far as corals and coralline algae are concerned, most 
mid-Cenozoic communities of the Lesser Antilles seem to have had 
qualitative ecological equivalents in the Creater Antilles and in the 
Central Mediterranean, albeit somewhat modified by the absence of 
volcanogenic impurities and in a rather different balance. However, some 
previous authors have considered that this may not have been the case as 
regards seagrasses and larger lagoonal lepidocyclines. Eva (1980) 
concurred with Brasier (1975) in considering seagrasses to have been 
absent from the Lesser Antilles during the Paleogene. Although it is 
likely that minor seagrass meadows locally controlled inshore 
sedimentation in the Late Oligocene Antigua Formation, their volumetric 
importance was small. The absence of specialized macrofossil associates 
and the continuing importance of lagoonal lepidocylines suggests that 
their arrival was very recent, something that must be borne in mind when 
making Mediterranean comparisons.
Lime-mudstones and wackestones are extremely rare in both 
Antiguan and Anguillan successions but said to be important in both the 
Lower Coralline Limestone and Clobigerina Limestones of Malta. If real, 
this could be an important control on echinoid distributions, presumably 
related to the more open oceanic location of the former, or in the case 
of bank top facies to less effective bank edge energy barriers. However 
several "biofacies" described by Challis (1980) as mud-dominated seem 
actually to have been pelletai as in the Caribbean successions. Of these
- 211 -
the most striking is undoubtedly her "Kuphus/Echinocyamus biofacies" 
within the Lower Coralline Limestone Formation. Both its characteristic 
faunal elements are typical of well-sorted sands at the present day; 
morphologically it is difficult to conceive how a primitive infaunal 
clypeasteroid like Echinocyamus could possibly survive in a pure mud. 
Deposition as a true mud is unlikely even for the fore-barrier II Mara 
Member of the Lower Coralline Limestone, since Bennett (1980) and 
Challis (1980) both record orientated fossil material suggesting 
moderate bottom currents.
In the Caribbean units, periodic hurricanes also segregate and 
improve the efficiency of offbank coarse clastic debris transport, since 
mid-latitude storms do not normally involve such extensive surge/ebb. 
Associated bottom currents may even result in generally better sediment 
sorting at intermediate depths, in that bioclastic rudstones with a 
poorly sorted matrix are rather rarer.
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4. Comparative Echinoid Palaeosynecology of Lesser Antillean and 
Central Mediterranean Environments
As discussed above, practically every carbonate 
palaeoenvironment known within the Antigua and Anguilla Formations has a 
contemporaneous Central Mediterranean analogue, if not a precise 
pétrographie equivalent. Although the echinoid faunas of these may 
differ at the specific level, general patterns of niche partitioning and 
morphotype development are very similar, confirming the highly developed 
environmental preferences of most genera. That similarities extend to 
the large scale "facies belt" level can be seen in Tables 3 and 4. These 
summarize the environmental range of mid-Cenozoic echinoid taxa known 
from the Antiguan/Anguillan and Maltese successions respectively, 
relative to the model of Wilson (1975).
Amending the biofacies concept of Challis (1980) it seems 
possible to recognize the following general assemblages in both 
Mediterranean and Caribbean:
1. Reef and shallow hardground assemblage: characterized by large 
epifaunal regulars feeding mainly on surface algae. Associated loose 
sediments characterized by Echinoneus and Brissus, with other species 
such as Agassizia and Brissopsis locally. Epifauna dominantly algal 
grazing, infauna coarse sediment ingesting.
2. Low-energy, washed, unstable fine sand: characterized by a diverse 
fauna of sand dollars and/or burrowing Clypeaster of the "concavus" 
morphotype (sensu Poddubiuk & Rose, 1985) as well as a diverse 
spatangoid fauna typically including Brissus, Brissopsis and Meoma; 
probably epifauna of regular euechinoids not preserved. Variety of 
sediment and surface debris feeding modes.
3. Low-energy muddy sand facies deposited as seagrass bafflestone: 
lacking large active burrowers, earlier examples appear to be faunally 
depauperate but later examples characterized by a variety of epibenthic 
echinoids ranging from jawed vegetation grazing regulars and elevated 
"altus" morphotypes of Clypeaster (sensu Poddubiuk & Rose, 1985) to 
edentate superficial sediment feeding high-domed cassiduloids.
4. High energy coarse mobile sand typically of outer bank: characterized
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by burrowing Echinolampas resembling ^  lycopersicus and burrowing 
Clypeasters of the "concavus" morphotype and deep burrowing spatangoids 
such as Agassizia.
5. High-energy fine algal/lepidocycline rudstones of bank margin: 
infauna characterized by shallow-burrowing and facultatively epibenthic 
Clypeaster of the "oxybaphon" and "cotteaui" morphotypes well-adapted to 
coarse recalcitrant substrates, but apparently no spatangoids, probably 
because the majority of these would be unable to ingest the surrounding 
particles or find significant fine debris at the sediment surface; 
preserved epifauna generally dominated by cidaroids, sometimes with 
specialized Clypeaster and even very large edentate spantangoids whose 
peristome and periproct were large enough to cope with this size of 
sedimentary particle. In the sense that coralline algae are here the 
main sedimentary particles, feeding mode is essentially sediment 
feeding.
6. Coarse forereef grainstones with an echinoid fauna dominated by 
shallow burrowing Clypeaster of the "oxybaphon" and "concavus" 
morphotypes, flattened Eupatagus resembling E. cubensis, and locally 
Pericosmus. Echinoid epifauna absent; feeding mode entirely sediment 
feeding.
7. Stable fine forereef grainstones: characterized by very diverse 
echinoid fauna including both surface debris and sediment feeding forms 
from epibenthic ploughers to deep burrowers. Dominated by spatangoids, 
including Pericosmus, Schizaster, Agassizia, Brissopsis, and Lovenia, 
sometimes with subsidiary Clypeaster of the "marginatus" morphotype. 
Jawed epifaunal grazers absent or very small only, probably because of 
minimal algal growth.
8. Deep forereef calcisilts and micrites, characterized by burrowing 
surface-deposit feeders with a strongly developed frontal ambulacrum and 
wedge-like profile, notably Schizaster as the "Schizaster (Schizaster)" 
morphotype of McNamara & Phillip (1980).
Because echinoid tests are so resistant to diagenetic 
alteration, the generalized echinoid biofacies outlined above can often 
be recognized even in lithologies that have been subjected to fairly
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intense metamophism. In this context, they have been found by the author 
to be a useful aid for in-field assessment of detailed sedimentary 
environment.
The qualitative similarity of available echinoid habitats in the 
mid-Cenozoic carbonates of Malta and the Lesser Antilles means that, 
within the limitations imposed by a different quantitative balance (at 
least in the exposed successions), and with a few obvious exceptions 
such as coarse rudstones, systematic comparison between the two areas 
should not be biassed by unrecognized environmental differences.
The most important differences between Central Mediterranean and 
Lesser Antillean mid-Cenozoic echinoid faunas from an ecological 
viewpoint seem to be:
1. The total absence of true sand dollars within the fine sandy 
palaeoenvironments of the Lesser Antilles (probably related to their 
poor dispersal ability).
2. The absence of Antillaster or similar large epibenthic spatangoids 
in the Upper Oligocene algal/lepidocycline or coralgal debris facies of 
the Mediterranean (possibly reflecting not only dispersal ability, but 
also the differences in abundance and character of debris deposits in 
hurricane-affected and non-hurricane-affected regions).
3. The absence of continuous horizontal hardgrounds in deepwater 
settings of the Lesser Antilles, and of their characteristic associated 
fauna, e.g. Coelopleurus (a feature of island arc sedimentation 
patterns; comparable habitats and faunas to those of the Mediterranean 
well represented in continental/microcontental settings of neotropics).
4. The absence of really deep-water soft-sediment dwellers in exposed 
Lesser Antillean sequences, for example the genus Hemiaster (which 
reached the neotropics before the end of the Mesozoic, is widely known 
fom other Cenozoic sequences and occurs widely at bathyal depths across 
the present-day Atlantic; Kier, 1984; Larrain, 1985; Mortensen, 1950).
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Prion.oçidaris SRini
CLYPEASTEROIDS
CASSIDULOIDS
Distribution of Antiguan and Anguillan Mid-Cenozoic Echinoid Species, 
relative to the Standard Facies Belts of Wilson (1975).
Facies Belts 1, 2 proper and 9 not represented.
e bracketed.
( 1975).
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Chapter V
Systematics of Antiguan and Anguillan Echinoids 
1. Introduction
This chapter provides extended diagnoses, illustrations and 
summaries of discussion for each echinoid species encountered in the 
Antigua or Anguilla Formations, together with necessary modifications to 
widely—used supraspecific taxonomy. For thesis brevity, synonymies, 
detailed descriptions, quantitative data, and keys for rapid 
identification are relegated to Appendices G, H and 1.
All taxa described herein are based purely on morphological 
criteria. The genetic criterion of interbreeding capability that 
strictly defines a biospecies is untestable in fossil material, and 
untested even in the majority of living forms. However, the estimation 
from population studies of natural range in each taxonomic character 
renders it likely that the present author's species units corresponds to 
an original biospecies. Unfortunately, this has not invariably been the 
case for previous researchers. The difficulties of intertaxon comparison 
from the literature alone are widely recognized and have greatly 
hindered advances in the understanding of Caribbean faunas (Poddubiuk & 
Rose, 1984).
Even for a single researcher working directly on actual fossil 
material, systematic description and taxonomic procedure can easily 
become subjective if not carefully controlled. In order to minimize 
unconscious variations at the observational level, an annotated 
checklist was first constructed, summarizing all those morphological 
characters quoted in the echinoid literature prior to 1982. While even 
the descriptions presented in Appendix G have been abbreviated and full 
comparisons to related taxa omitted, the existence of the larger initial 
dataset has ensured that such pruning does not unduly bias species 
recognition or distort inter-species relationships.
Supraspecific classification is not discussed unless differing 
significantly from that of Moore (1966). Generic diagnoses and 
synonymies are provided only where concepts vary significantly among 
recent authors and identification may be controversial, or where the 
author's new material requires their amendment. Full annotated
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synonymies for each species may be consulted in Appendix G, while a 
complete summary of previous published records from Antigua and Anguilla 
has already been given by Poddubiuk & Rose (1984).
Quantitative and qualitative characters described herein are 
shown diagrammatically in text-figures 23 to 37 and defined verbally in 
Appendix A. Primary test measurements were made using a Mitutoyo Vernier 
Calliper accurate to 0.01mm. Measurements of tubercle and pore 
microarchitecture were made using a calibrated eyepiece graticule and 
Wild binocular microscope; packing measurements were made by replicated 
counting of the number of tubercles more than half visible within a 
circular field of view. Although for uniformity of handling and 
presentation most numerical data are quoted to two decimal places, this 
should be considered a maximum rather than a minimum accuracy. Trailing 
zeros were added to less accurate information during machine handling 
hence the significance of zero as a final digit in the raw data within 
the numerical appendices must be considered potentially suspect.
In general the following diagnoses and the fuller descriptions 
of Appendix G give the total range of variation in the known examples of 
a species, or in a substantial specified sample. Basic data, means and 
standard deviations (the latter without the so-called "Wessel 
correction") are summarized in the Appendix H. Although these parameters 
are useful for rigorous statistical comparisons such as t-tests, they 
are less helpful in immediate identification and certainly more prone to 
misuse.
Unless otherwise stated text-figures were drawn using a camera 
lucida. Monochome photographic records of important specimens were made 
on 35mm Kodak "Pan-X" film using a Nikon "F2" camera body, equiped with 
a 55m "Micronikkor" lens and "Photomic" viewfinder. Extension rings and 
bellows were utilized as necessary. Illumination was provided by two 500 
Watt 3200 K studio lamps held on stands some 50cm above the specimen and 
40-45cm from it. Specimens were first mounted on "Plasticine" pedestals, 
or orientated in No.9 lead shot, then lightly coated with sublimed 
ammonium chloride to improve contrast, and photographed against a matt 
black background. Before coating light coloured specimens were generally 
stained with a red water soluble vegetable dye. Kodak "Wratten" filters 
complementary in colour to the stain or natural test colour were used as 
necessary to accentuate the surface detail. Smaller scale micrographs
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Figure 26
Test measurements of Clypeasteroid echinoids in aboral view
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Figure 27
Test measurements of Clypeasteroid echinoids in adorai view
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Figure 29
Petal measurements in Clypeasteroid echinoids
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General test measurements of Spatangoid echinoids in aboral 
and adorai views
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Figure 34  
General test measurements of spatangoid echinoids in lateral 
and rear views
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Figure 35
Spécial test measurements in Schizasterid Spatangoids
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Figure 36  Special test measurements in Loveniid Spatangoids
were taken using a Zeiss "Tessovar" photomicroscope after similar 
specimen preparation. All images were exposed both at, and one stop 
above, metre reading; films were slightly overdeveloped and printed on 
Grade 3 or 4 photographic paper to improve contrast.
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Figure 37
Petal measurements in Cassiduloid and Spatangoid echinoids
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2. Echinoid Palaeontology
Order CIDAROIDA Claus, 1880 
Family CIDARIDAE Gray, 1825
Genus PHYLLACANTHUS Brandt, 1835
PHYLLACANTHUS PELORIA (Jackson, 1922)
Plate 73
Diagnosis
Test large, estimated diameter in known material exceeding 50mm. 
Ambulacra subsinuous; ambulacrum width c_j_ 23% lA width; 14 ambulacral 
plates per lA plate at ambitus; inter poriferous zone c_j_ 200% width 
poriferous zone. Typically c_^  6 lA plates per column; primary lA 
tubercles noncrenulate, areole diameter 60-80% width lA plate; median 
area of interambulacra entirely occupied by secondary tubercles, width 
c. 10% that of lA column. Radioles large and robust (length up to 100mm, 
width up to 8.5mm), subcylindrical to moderately tapering; larger 
examples smooth and terminating in blunt, sometimes longitudinally 
ridged, tip; smaller examples moderately tapering sometimes with many 
long series of very fine nodules; collars short, little-widened towards 
milled ring; base narrowing to 70-90% its maximum diameter below milled 
ring.
Discussion
Test distinguished from that of all other Caribbean cidaroids, including 
Phyllacanthus priscus of Brito & Ramires (1974), by large size and 
narrow median area in its ambulacra. Radioles distinguished from those 
of other genera by very large size but total lack of spinulation. Test 
characters distinguishing it from the Australian Oligo-Miocene species 
are an ambulacrum width greater than 20% of interambulacum width, 
primary tubercle width greater than 60% plate width interambulacrally 
and median area width less than 20% interambulacal plate width. Some 
individual plates resemble those of the Maltese taxon Prionocidaris 
sismondai in their narrow admedian zone and height to width ratio, but 
whole tests are distinguished by their greater size and by far less
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ontogenetic variation in lA plate dimensions, while the radioles of the 
two species are entirely different. Although the Maltese Upper Oligocene 
taxon "Cidaris" adamsi was referred to Phyllacanthus by Rose (1975) and 
Zammitt-Maempel (1979), available radiole material has closer affinities 
to Chondrocidaris (Challis, 1980) or Prionocidaris (Cutress, 1980).
Ecological Conclusions from Functional Morphology
Lacking any adaptations for a burrowing lifestyle. The robust and simply 
cylindrical spines of Phyllacanthus peloria suggest adaptation for 
defensive purposes in relatively high energy conditions.
- 236 -
Genus PRIONOCIDARIS A. Agassiz, 1863
PRIONOCIDARIS CLEVEI (Cotteau, 1875) 
Plate 74 (figures 1-3)
Diagnosis
Test size moderate, known specimens 15-25mm TD; test flattened adorally 
and sometimes incurved at peristomial margin. Width of ambulacra 30-48% 
width of interambulacra; 7-10 ambulacral plates per interambulacral 
plate; interporiferous zone with 4-6 columns of small tubercles. Primary 
interambulacral tubercles with smooth platform and areole width 30-40% 
width of their plate; at least 2 concentric series of secondary 
tubercles outside scrobicular ring interradially. Radioles typically 
small, 10-20mm long, slender, distally tapered; shafts having 14-16 
longitudinal rows of nodules, sometimes with several whorls of laterally 
compressed spinules in proximal part of spine; collars short, moderately 
narrowed proximally.
Discussion
Distinguished from the other known Caribbean mid-Tertiary Prionocidaris 
species, P_L coilmarensis, P. cookei, P. katherinae, and spinidentatus by 
the much lower spinule projection on its radioles (which does not exceed 
1mm in any known specimen), as well as by a variety of other test 
characters discussed by Cutress (1980). Its small verticillate radioles 
superficially resemble those of the Maltese species P^ scillae, but 
individuals reach only a fraction of the size of the latter.
Ecological Conclusions from Functional Morphology
As all other cidaroids, lacking any adaptations for a burrowing 
lifestyle. Short and little ornamented spines suggest a cryptic shallow 
water or hard substrate habitat.
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PRIONOCIDARIS SPINIDENTATUS (Palmer Sanchez Rolg, 1949)
Plate 74 (figures 4-6)
Diagnosis
Test large (diameter typically 30-85mm), high (height c_^  65%TD). 
ambulacra almost straight, 19-30% width of interambulacra; c. 12 
ambulacral plates per lA plate; interporiferous zone typically 150-200% 
poriferous zone width. Typically 12-13 lA plates per column; median area 
of interambulacra 16-40% lA width, entirely occupied by very numerous 
secondary tubercles arranged in transverse rows; primary lA tubercles 
with smooth or faintly crenulate, platform, areole width of 35-55% lA 
plate width. Radioles large and robust (main shaft up to 90mm long and 
7mm in diameter); straight typically grossly spinulose with spinules 
pointing perpendicularly away from shaft and commonly projecting up to 
5mm; shaft somewhat flattened distally with spinules often coalescing 
into a spoon-shaped or coronate termination; between spinules shaft 
bearing many fine irregularly arranged nodules; collar short, very 
widened towards milled ring, base very short narrowing proximally.
Discussion
Distinguished from all other known Caribbean species by its large test 
size with narrower ambulacra and wider median areas interambulacrally, 
and by its grossly spinulose but non-verticillate radioles. Among the 
few neotropical forms approaching it is the Eocene North American 
species "Cidaris" carolinensis, though still additionally distinguished 
by smaller interambulacral tubercles not contiguous meridionally. Of the 
Maltese cidaroid species it most closely resembles the form referred to 
by Challis (1980) as "Chondrocidaris adamsi" in its large size and the 
wide finely-ornamented median area of its interambulacra, but is easily 
distinguished by its far smaller primary tubercles, whose diameter is 
much less than 50% that of the plate on which they lie.
Ecological Conclusions from Functional Morphology
Large irregularly spinulose spines in cidaroids are normally considered 
to act as an aid to camouflage by breaking up the animal's outline
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(Fell, 1966), presumably in low turbulence environments where their bulk 
and hydrodynamic resistance are not a serious destabilizing factor. They 
can therefore be viewed as adaptations to an exposed but low-energy and 
presumably deeeper-water setting. Spatulate spine tips are frequently 
seen in living forms adapted to soft bottoms, where they help to prevent 
sinking of the animal in the substrate.
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Genus TRETOCIDARIS Mortensen, 1903
TRETOCIDARIS ANGUILLENSIS Cutress, 1980 
Plate 75
Diagnosis
Test size moderate (known specimens 10-25mm in TD); apical system and 
peristome diameters subequal, c_^  50% TD. Ambulacrum width c_^  40% 
interambulacrum width; interporiferous zone width c_^  180% poriferous 
zone width; inner tubercles of interporiferous zone in zig-zag 
arrangemenyt. Up to 7 interambulacral plates per column, with 8-9 
ambulacral plates per interambulacral plate; primary interambulacral 
tubercles with areole width 20-30% width of interambulacral plate, 
platform slightly crenulate; median area adjacent to interradial sutures 
bare. Radioles small, typically 10-25mm long; shaft moderately tapered 
but ending bluntly; ornamentation restricted to a few nodules near 
collar.
Discussion
"Cidaris melitensis" has been recorded from the Caribbean Miocene more 
consistently than any other Tethyan echinoid species. However, Cutress 
(1980) demonstrated that the Caribbean specimens referred to this 
species were not nonspecific with the Maltese type material, differing 
most notably in having wider ambulacra and fewer interambulacra plates 
per interambulacral plate at the ambitus. The other close relatives of 
the species, the Recent forms Stylocidaris affinis and Tretocidaris 
bartletti, are similarly distinguished. Challis (1980), following 
Mortensen (1928), referred the related Maltese material to Stylocidaris, 
but this overemphasizes its distinction from Tretocidaris anguillensis. 
It resembles the genotype of Tretocidaris more closely than it does that 
of Stylocidaris, in being flattened both orally and aborally, and in 
possessing subconjugate pores and relatively short spines. All these are 
genotype characteristics for Tretocidaris but not for Stylocidaris. They 
are supported by other characteristics such as the naked admedian zones. 
In any case, the generic distinction between Tretocidaris and 
Stylocidaris may be dubious in modern forms; Mortensen (1928) suggests 
for example that they can successfully hybridize. If real it may still
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be impossible to make in fossil material lacking pedicellariae. Given 
these difficulties, I prefer to describe "Cidaris melitensis" under the 
more senior of the two genera, Tretocidaris.
Ecological Conclusions from Functional Morphology
Lacking any adaptaions for a burrowing lifestyle. Short and little 
ornamented spines suggest a cryptic shallow water or hard substrate 
habitat.
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Order TEMNOPLEUROIDA Mortensen, 1942 
Family TEMNOPLEURIDAE A.Agassiz 1872
Genus IRENECHINUS Fell, 1963
Revised Generic Diagnosis
Small to medium sized, hemispherical, low-domed test with imperforate 
crenulate primary tubercles in single meridional series per plate 
column; distinct radiating epistromal sculpture around primary and some 
secondary tubercles; angular pores and pits absent; apical system 
regularly dicyclic; pore units in single vertical series in each 
ambulacral plate column; buccal notches shallow.
Taxonomic Discussion
The genus is distinguished from Brochopleurus, its closest relative, 
only by the possession of crenulate rather than noncrenulate tubercles 
(Fell, 1963). This is normally considered to be a primitive 
characteristic, therefore the earliest Irenechinus should predate the 
earliest Brochopleurus. I have not examined specimens of the late Eocene 
form described by Cooke (1959) as Brochopleurus pretiosus and cannot 
discern details of its tuberculation in his photographs. However earlier 
descriptions and generic assignations suggest its tubercles are 
crenulate, a character which would necessitate removal of the species to 
Irenechinus, leaving Brochopleurus as a Tethyan genus known only from 
the Middle Miocene of Egypt and India (see Ali, 1984).
Another very closely related genus is Desmechinus, long classified 
within the Temnopleuridae on account of its sculpture, but removed to 
the Toxopneustidae by Jensen (1981) because of its deep buccal notches. 
Although similar to Irenechinus in its sculpture and ornamentation, even 
down to the indentation of its tubercles, it is distinguished by the 
possession of noncrenulate tubercles, by a oval periproct distinctly 
excentric within the apical disc, and by deeper buccal notches.
Irenechinus is distinguished from superficially similar temnopleurid 
genera lacking angular pores or pits, notably Arbacina, Lamprechinus, 
Orechinus, Paradoxechinus and Trigonocidaris, by its strongly crenulate 
primary tubercles, significant buccal notches and larger size.
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IRENECHINUS RQSEI n.sp, 
Plate 76
Taxonomie Remarks
Named in honour of my supervisor, in recognition of his encouragement 
during the research that led to its discovery.
Diagnosis
Test small, typically 9-29mm in maximum diameter with test height 40-57% 
TL. Apical system diameter c_^  29% test diameter; periproct subcircular 
and centrally located within it. Peristome very slightly larger than 
apical system; diameter excluding buccal notches 35-42% test diameter. 
Buccal notches distinct but shallow, with depth c_^  4.3% peristome 
diameter and width c_j_ 170% depth. Maximum width of ambulacra c_j_ 50% that 
of interambulacra. Up to 13 ambulacra plates and 15 interambulacral 
plates per plate column. Secondaries densely packed, lying on poorly 
defined epistromal ridges radiating from primaries. Ridge of epistroma 
curving around adapical and lateral margins of ambulacral pore units.
Discussion
Differing from the more or less contemporaneous Australian genotype 
Irenechinus hentyi in its larger number of plates per column (the latter 
having 11 interambulacral plates and 13 ambulacral compound plates per 
plate column), in its wider poriferous zones (the latter having 
poriferous zones less than 25% the width of the interambulacra aborally 
and ambitally) and in its denser-packed secondary tubercles. The only 
other species previously referred to the genus, I. minor, described by 
Fell (1964) from the "Lower to Middle Oligocene" of New Zealand, appears 
to be distinguished by its much smaller size (largest known specimen 9mm 
diameter) and by each of its ambulacral pore units being completely 
surrounded by an epistromal ridge (rather than partially as in I_^  rosei 
and I. hentyi). Irenechinus rosei apparently differing from 
"Brochopleurus pretiosus" in its denser secondary tuberculation and 
deeper buccal notches, if not in the crenulation of its tubercles. 
Although no Mediterranean congeners have previously been recorded,
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material in the collections of the British Museum (BMNH E.78680,
E.78694, and E.78726, all as yet undescribed in published literature) 
indicates that the genus is represented in the Middle Globigerina 
Limestone Formation and Upper Coralline Limestone Formation of Malta. 
This material differs from that of Antigua in its smaller size and the 
lack of a strong radial sculpture pattern.
Ecological Conclusions from Functional Morphology
Radial symmetry, orientation of ambulacral pores aborally and 
crenulation of tubercles all indicative of an exposed epifaunal mode of 
life.
Stratigraphie and Geographic Range 
Upper Oligocene of Antigua.
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Family TOXOPNEUSTIDAE Gray, 1825 
Genus TRIPNEUSTES L. Agassiz, 1841 
Revised Generic Diagnosis
Moderate to large, ambital outline circular or subpentagonal, lateral 
outline subspherical to subhemispherical; apical system serrate, not 
elongate; ambulacral plate polyporous, trigeminate echinoid 
supercompounded, with primary tubercle every 3-6 trigeminate units; 
poriferous zones broad, each occupying at least 25% of the width of its 
ambulacrum; pores arranged in three vertical series, the perradial 
always regular, the medial and adradial more or less regular; successive 
pores of each trigeminate unit forming low arcs adapically, flattening 
to true horizontal rows adorally; tubercles mammelate, noncrenulate, 
secondary tubercles of interporiferous zone not forming regular vertical 
series; test not sculptured; buccal notches well-developed, moderately 
deep.
[The generic diagnosis of Mortensen (1943a) includes details of spines, 
pedicellariae and larval development characters of little practical 
value in the generic differentiation of fossil, or even modern, 
representatives and not therefore included here]
Taxonomic Discussion
Only three genera of regular sea urchins have their ambulacral pores 
arranged in three vertical series: Tripneustes, Amblypneustes and 
Holopneustes. All belong to the Order Echinoida sensu Jensen (1981), but 
at the familial level Tripneustes is classified with the Toxopneustidae 
while Amblypneustes and Holopneustes are considered to be 
Temnopleuridae. However all are rather atypical of their families. Of 
the characteristic Temnopleurid characters, distinct tubercle 
crenulation and test sculture are absent in both Amblypneustes and 
Holopneustes, while the secondary tubercles are, very 
uncharacteristically for that family, subequal to the primaries and 
lying in a transverse row with them. Analogously Recent Tripneustes 
lacks the adorally widened ambulacra typical of Toxopneustids. Indeed 
the firm evidence on which their different suprageneric classification
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is based seems to be the nature of the buccal notches, deep in 
Tripneustes but shallow in the other two genera. Although Jensen (1981) 
has demonstated that the Toxopneustidae evolved from a Temnopleurid 
ancestor, the many similarities of Ambypneustes and Holopneustes to 
Tripneustes seem unlikely to reflect this evolution. As well as 
possessing deep buccal notches, the earliest known and presumably most 
primitive representative of Tripneustes, the Aquitanian species 
described herein as Tripneustes (Eotripneustes) tintamarrensis, shows a 
characteristic Toxopneustid widening of the ambulacra adorally and has a 
tubercle arrangement very unlike that of Amblyneustes or Holopneustes. 
This confirms the evidence of the biostratigraphic record that neither 
of these latter, strictly Recent, genera was ancestral to Tripneustes.
If Amblyneustes and Holopneustes are not closely related to the 
immediate ancestor of Tripneustes, the question arises as to how their 
unusual similarly to that genus arose. Given our poor knowledge of both 
genera, and their total absence in the fossil record conclusions are 
neccesarily tentative. Although parallel evolution remains the most 
likely explanation, the possibility that one or both genera evolved from 
Tripneustes by the reduction of buccal notches cannot be ignored. 
Mortensen (1943a) considered Goniopneustes, another genus with supposed 
Temnopleurid affinities (to Amblypneustes), to be so derived. The most 
convenient way of testing this hypothesis would appear to be examination 
of tooth plate morphology.
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TRIPNEUSTES (TRIPNEUSTES) new subgenus
Subgeneric Diagnosis (in addition to characters of Genus)
Poriferous zones not widened aborally; primary and secondary 
interambulacral tubercles subequal in size, typically arranged in a 
single transverse row on each plate, which may extend to interradial 
suture or not.
Type Species: Tripneustes ventricosus (Lamarck)
Description: abundantly described and illustrated in the literature, 
notably by Mortensen (1943a) and Cooke (1959).
Discussion:
Including the fossil species Tripneustes planus, T. parkinsoni, T. 
proavius, T. scheideri and magnificus, as well as the living members 
of the genus, ventricosus, T. gratifia and T^ depressus. Tripneustes 
kugleri is also referred to the subgenus, though primitive in the 
imperfectly linear transverse arrangement of its larger tubercles, here 
illustrated for the first time (Plate 77, figure 5). In the Middle 
Miocene to Recent species the perradial pore series of each poriferous 
zone is essentially as regular as the outer but in the Lower Miocene 
material both from Europe and the Caribbean it appears to have been 
distinctly irregular, no less so than the median zone. In view of the 
paucity of Caribbean material and the lack of knowledge regarding 
intraspecific variation this feature is not used for further subgeneric 
grouping at the present time. Whether or not the tranverse row of 
tubercles extends to the perradial suture is a highly distinctive 
specific character, but does not appear to correlate with others and is 
not considered useful for higher level classification.
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TRIPNEUSTES (EOTRIPNEUSTES) new subgenus
Subgeneric Diagnosis (in addition to characters of genus)
Poriferous zones expanding slightly toward peristome on adorai surface, 
reaching their maximum absolute width mid-adorally but widening relative 
to interambulacra almost to peristome margin; secondary inerambulacral 
tubercles considerably smaller than primaries; interambulacral tubercles 
arranged in three vertical series, the middle one formed by the 
primaries, but not in horizontal rows.
Type Species; Tripneustes (Eotripneustes) tintamarrensis n.sp. 
Description: as type species below.
Discussion:
Though differing drastically from all previously known Tripneustes the 
interambulacral tuberculation pattern and adorai widening of the 
ambulacra are considered to be primitive characteristics not justifying 
erection of a new genus, though definitely worthy of supraspecific 
recognition. Another distinctive character of the type species is its 
relatively low test, c_^  38% TL, compared to over 50% TL in living 
species of Tripneustes (Tripneustes). While this would seem also to be a 
primitive feature it is equally well displayed by T^ (T.) planus of the 
European Miocene, and cannot therefore be considered as a subgeneric 
criterion. Moreover, test height in the living form Tripneustes 
(Tripneustes) gratifia has been shown to be partly under ecological 
control (see Dafni, 1980).
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TRIPNEUSTES (TRIPNEUSTES) sp. a 
Plate 77 (figure 4)
Description
Fragment 18 by 15.5mm comprising a short section of one ambulacral 
column. Pores arranged in three vertical series, the perradial regular, 
the median and adradial somewhat irregular. Good separation and parallel 
arrangement of pore series suggests the fragment is mid-aboral to 
mid-adoral in origin and indicates that poriferous zone width was c_j_ 55% 
of interporiferous zone width in this area. Size and flatness of the 
specimen suggest it came from a very large test, probably over 120mm in 
diameter. Primary and secondary tubercles similar in size. Those of 
interporiferous zone reaching at least 3.8mm in diameter and arranged in 
transverse rows. Those of poriferous zones large, consistently biggest 
between median and adradial pore series where they may reach dimeters of 
3.4mm, c_^  90% that of tubercles in the interporiferous zone. Tubercles 
between inner and medial poriferous zones reaching only 2.6mm diameter, 
c. 70% that of those in interporiferous zone and 77% that of those 
between outer pore series. Sutures and plate compounding pattern not 
discernable.
Discussion
Subgenus not previously recorded from the Caribbean Lower Miocene, 
though Jeannet (1928) and Gordon (1963) both illustrate Middle Miocene 
material. This fragment from the Anguilla Formation more closely 
approaches the modern Caribbean species Tripneustes (Tripneustes) 
ventricosus than either of the known Middle Miocene fossils.
Ecological Conclusions from Functional Morphology
The very large and presumably inflated test is indicative of an 
epifaunal mode of life. In contrast to T^ (E.) tintamarrensis, small 
similar tubercles and relatively narrow bosses suggest short mobile 
spines with a direct defensive function only against smaller predators, 
This suggests that the animal relied for protection against larger 
enemies on inedibility or life in a non-exposed habitat, perhaps
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augmented by camouflage through a covering reaction. Since the living 
Caribbean species of Tripneustes, to which this form seems closely 
related, are among the most popular of edible echinoids, the latter 
possibility seems far more likely. The only shallow water habitats 
providing sufficient cover for such a large test would seem to be 
seagrass beds or their temparate equivalents kelp forests.
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TRIPNEUSTES (EOTRIPNEUSTES) TINTAMARRENSIS n.sp, 
Plate 77 (figures 1-3); text-figures 38, 39; 
Appendix H (Frames 23, 24)
Diagnosis
Test size moderate reaching diameter of at least 53mm. Ambital outline 
subcircular to subpentagonal. Test low-domed, slightly concave adorally, 
height c_^  38% TL. Peristome large, c_^  33% TL. Buccal notches moderate, 
width equal to depth relative to middle interambulacrum, c.2.3% TL.
Width of ambulacra c_^  73% that of interambulacra at ambitus, increasing 
to c_^  196% at peristome margin. Absolute width of poriferous zones 
reaching a maximum of c_^  7.2% TL mid-adorally. Width relative to 
interporiferous zone increasing to mid-adoral maximum, then decreasing 
very slightly towards peristome (c. 54% at ambitus, c_^  109% 
mid-adorally, Cj_ 105% at peristome margin). Ambulacral plates 
supercompound trigeminate echinoid with 6 triad units aborally, reducing 
to 3 adorally. At full development one primary of each triad occluded 
from both adradial and perradial sutures. Approximately 170 ambulacral 
primary plates and 12 interambulacral plates per plate column. Primary 
tubercles large, reaching a diameter of almost 10% TL; all secondary 
tubercles substantially smaller. Enlarged tubercles never arranged in 
neat transverse rows. At ambitus, 6 meridional columns of tubercles in 
each interambulacrum and 2 in interporiferous zone of each ambulacrum.
Discussion
The only known representative of its subgenus, whose relationship to 
other recorded Tripneustes has already been discussed in this context 
above.
Ecological Conclusions from Functional Morphology
Coarse radially symmetrical tuberculation, fairly large test with 
pentaradial symmetry and widening of poriferous zones adorally are 
indicative of life at the sediment water interface. This is consistent 
with the perradial downward inclination of the ambulacral pores 
aborally, a less widely recognized characteristic of epifaunal regulars,
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10 mm
ambulacrum interambulacrum
Figure 38
Pore configuration, tuberculation pattern and traces of 
plate compounding mid-aborally in Tripneustes 
(Tripneustes) tintamarrensis. drawn with the aid of 
a camera lucida from BMNH E.82230
Presumably lacking the ciliary currents that draw water centrifugally 
down the interporiferous zone and outwards through the poriferous zone, 
these urchins seem to have relied on natural water movement for exchange 
of the external respiratory medium, preferring flow from 
interambulacrally and upward (see text-figure 40). The reason for this 
preference is presumably that water flow and oxygenation increase away 
from the sediment boundary layer. The adorai widening of the poriferous 
zones strongly suggests reliance on the adorai tube-feet for attachment 
rather than on spine jamming in crevices. The large, high, radially 
symmetrial test would in any case inhibit cryptic lifestyle, despite the 
possession of imperforate noncrenulate tubercles. The large mamelons and 
very large spine bosses suggest that the species maintained a rigid 
defensive array of large spines, also characteristics of forms adapted 
to exposed environments lacking much cover.
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4 m m
I_________________ I
4 mm
ambulacrum interambulacrum
Figure 39
Pore configuration, tuberculation pattern and traces of 
plate compounding adjacent to peristome in Tripneustes 
(Tripneustes) tintamarrensis. drawn with the aid of a 
camera lucida from BMNH E.82230
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Order ECHINOIDA Claus, 1876 
Family ECHINIDAE Gray, 1825
Genus PSAMMECHINUS L.Agassiz & Desor, 1846
Generic Diagnosis
Small to moderate size, ambital outline circular, lateral outline 
hemispherical to depressed. Apical system regularly dicyclic. Ambulacral 
plates trigeminate echinoid compounded. Poriferous zones not widened 
adorally. Buccal notches shallow. Tubercles imperforate, noncrenulate, 
primaries not large, secondaries numerous. [Buccal membrane densely 
plated with contiguous or even imbricated plates]
Taxonomic Discussion
According to Mortensen (1943b) and Fell & Pawson (1966) details of at 
least the buccal plating and perhaps even the pedicellariae and tube 
foot spicules are required to allow identification of the genus. 
According to these authors, fossil material (which in general lacks all 
three diagnostic characters) can only be identified tentatively on the 
basis of general comparison to the living species, Psammechinus miliaris 
and microtuberculatus. On these grounds the ascription of the new 
Anguillan species to the genus seems fairly certain, its tuberculation 
pattern being intermediate between those of these species. The related 
genus Atactus Pomel seems to be an aberrant evolutionary sideline of 
late Cenozoic age distinguished by its universally low test and the 
absence of enlarged tubercles in its interporiferous zones. 
Gracilechinus, Hypechinus and Parechinus are closer in overall form and 
plate compounding, and also share at least a close common ancestor with 
Psammechinus, but their tuberculation is sparser and shows a much 
greater intraplate size variation than in the latter genus. Parechinus 
is additionally distinguished by widening of the poriferous zones 
adorally. Mortensen's argument that no American fossil species should be 
assigned to Psammechinus because the taxon is presently restricted to 
the northeast Atlantic has no systematic basis in actual morphology and 
has not been accepted by subsequent authors such as Cooke (1959). As an 
arbitrary geographic division it is likewise rejected here.
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PSAMMECHINUS ANGUILLENSIS n.sp, 
Plate 78; text-figure 41; 
Appendix H (Frames 25-28)
Diagnosis
Test small, maximum diameter typically 18-25mm. Ambital outline 
subcircular to subpentagonal. Test low-domed to subconical aborally, 
height typically 40-62% TL. Base of test not arched in lateral profile, 
but slightly concave towards subcircular peristome with diameter 37-47% 
TL and shallow buccal notches. Width of ambulacra 60-68% that of 
interambulacra at ambitus, increasing to as much as 81% adjacent to 
peristome. Width of poriferous zones 3.2-4.5% TL at ambitus, 19-39% 
width of interporiferous zone throughout. Ambulacral plate compounding 
simple trigeminate echinoid; medial primary plate of triad not extending 
to perradial suture, and adapical primary attenuated towards it. 
Interambulacral plates subconstant in absolute height throughout, 
consequently becoming very low and wide ambitally. Approximately 50 
ambulacral plates and 12 interambulacral plates per plate column in 
mature examples. Tubercles radially symmetrical, imperforate and 
noncrenulate with a very narrow areole. Primaries small on both 
ambulacral and interambulacral plates, reaching a maximum diameter of c_j_ 
5% TL adorally. Secondaries extensively developed, at first in a single 
arc adapically of the primary on the side nearest the middle of each 
area, later as a double arc extending from one side of the primary to 
the other. Of the numerous and contiguous secondaries on each plate, the 
largest reach 80% the diameter of the primary subambitally, though the 
majority less than half this.
Discussion
Casanova (1958) recorded, as a nomen nudum, an Anguillan Psammechinus 
probably conspecific with Psammechinus anguillensis described herein, 
which he claimed was close to the Late Miocene North American species P. 
philanthropes. Psammechinus anguillensis is distinguished from the 
latter by its smaller primaries, its secondaries less well developed 
relative to the primaries but more numerous and its longer narrower 
buccal notches. Superficially resembling "Gagaria salis" of Cooke 
(1959), the single known specimen of which appears to lack the typical
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crenulate tubercles of that genus and has a suturing pattern similar to 
that of Psammechinus, being distinguished from that genus only by a 
dubiously insert ocular I. At least at the specific level, however, 
Psammechinus anguillensis is easily distinguished by the width of its 
ambulacra, which exceed 60% of the interambulacrum width throughout. In 
its tuberculation pattern Psammechinus anguillensis is almost precisely 
intermediate between the living species P_L. miliaris and P. 
microtuberculatus; it would seem to be very close to the common ancestor 
of these species. It closely resembles the Aquitanian-Tortonian Maltese 
species Psammechinus tortonicus (Gregory), though this form is smaller, 
only 8-15mm in test diameter, and has shallower buccal notches. In both 
these respects anguillensis is approximately intermediate between 
Psammechinus tortonicus and the French Aquitanian-Burdigalian form P. 
coronalis. as illustrated by Negretti (1984). This raises the 
possibility that population studies of European Miocene representatives 
will eventually show Pj_ anguillensis to fall within the range of a 
contemporaneous Old World species; at the very least it seems to have 
been derived from a a very recent (perhaps Aquitanian) immigrant to the 
Lesser Antilles.
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Family ECHINOMETRIDAE Gray, 1825 
Genus ECHINOMETRA Gray, 1825 
Generic Diagnosis
Test small to moderate in size, ambital outline typically oval with long 
axis passing through ocular I and genital 3, rarely almost subcircular. 
Base of test arched upwards in lateral profile. Ambulacral plate 
compounding simple echinoid, trigeminate to polyporous (3-10 pore units 
per arc), typically with at least 4 pore units in some arcs. Poriferous 
zones widened adorally or not. Buccal notches shallow. Tubercles 
imperforate, noncrenulate. Perradial median area between ambulacral 
primary tubercles narrow, ensuring that secondaries are small, the 
largest at the adapical/perradial corner of the plate. Median suture 
almost straight. Interamulacral tubercles in vertical but not horizontal 
series. Test not sculptured.
Taxonomic Discussion
Of the characters used by Jensen (1981) in her revised diagnosis of the 
Echinometridae (and by implication Echinometra) only polyporous 
ambulacral plates would be discernable in in the Anguillan fossil 
material. On these grounds most Anguillan specimens previously assigned 
to Echinometra prisca would be classified within the Temnopleuridae, 
despite their close affinities to the living species of Echinometra. 
Since the species seems distinct from the otherwise similar genus 
Parasalenia (quite rightly removed to the Temnopleuridae by the same 
author) in the position of its long axis, this would necessitate the 
erection of a new monotypic subgenus on the basis of an obviously 
primitive character, as well as disguising the very close relationship 
between the Lower Miocene species and modern Echinometra. Rather it 
seems more useful to make an exception in her familial diagnosis for 
this important primitive member.
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ECHINOMETRA PRISCA Cotteau, 1875 
Plate 79 (Figures 1-5); text-figure 42; 
Appendix H (Frames 29-32)
Diagnosis
Test small, maximum diameter typically 13-33mm. Ambital outline oval, 
minimum test diameter 78-96% of maximum. Test margins rounded; aboral 
surface low-domed or depressed with test height 41-50% TL; base of test 
clearly arched in lateral profile, but only very slightly concave within 
adorai margins laterally. Peristome subcircular to oval with elongation 
in same orientation as that of test; maximum diameter 47-52% TL with 
shallow to moderate buccal notches. Width of ambulacra 51-66% that of 
interambulacra ambitally, increasing to 62-77% mid-adorally. Width of 
poriferous zones at ambitus 2.7-4.4% TL and 16-32% width of 
interporiferous zones. Ambulacral plate compounding typically simple 
trigeminate echinoid, with occasional arcs of four primaries per 
compound unit. Typically 36-45 primary ambulacral plates and 11-14 
interambulacral plates per column. Tubercles radially symmetrical, 
imperforate, noncrenulate; single primary occupying the entire height of 
each compound ambulacral plate and interambulacral plate, those of the 
former reaching a maximum diameter of 7.8% TL and those of the latter 
8.9% TL, both at the ambitus. True secondary tubercles absent in the 
ambulacra, though areolate miliaries Cj_ 20% the diameter of the primary 
occur adjacent to the perradial suture. Secondaries well-developed in 
the interambulacra, the largest reaching 67% the diameter of their 
associated primary.
Discussion
The orientation of the test's long axis was not explicitly recorded in 
the written descriptions of Cotteau (1875) or Jackson (1922). Although 
Cotteau's pl.l (fig. 25) seems to show it passing symmetrically through 
ambulacrum III and lA 5 (as in most irregulars), this appears to be an 
artefact of very free reconstruction (a feature also of his figure 27, 
whose details are almost entirely imaginative). The apical system is not 
preserved in any Echinometra specimens belonging to the Cleve 
Collection, the only source mentioned by Cotteau in his original 
description, nor could it have been seen in any specimens available to
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Jackson (1922), as noted by Mortensen (1943b). Nevertheless both the 
latter authors had no qualms about referring it to the genus on the 
basis of maximum number of pore pairs per arc and tuberculation. 
Confirmation that the apical system actually passes through ocular I and 
genital 3, as in true Echinometra, comes from specimens collected within 
the last forty years, notably USNM 224182. Echinometra prisca is among 
the most primitive species of Echinometra in its simple predominantly 
trigeminate compounding. Its closest European relative seems to be the 
French Lower Miocene form normally referred to as Parasalenia 
fontannesi. Although the apical system is missing in the type material 
of this species, even Cotteau’s illustrations clearly show that its 
ambulacral plates were 4-geminate at the ambitus unlike any other 
Parasalenia (albeit trigeminate above). Examination of other specimens, 
such as that illustrated in Plate 79 (figure 6), confirms that, on the 
grounds of long-axis orientation as well as tuberculation pattern this 
form should rather be referred to Echinometra, differing from ^  prisca 
mainly in the sparser but coarser secondary tuberculation of its 
ambulacra (a feature in which it more closely resembles the Recent 
amphiatlantic species Echinometra lucunter, illustrated from Recent 
Anguillan material in Plate 80) and in smaller size (TL typically < 15mm 
according to Negretti, 1984). Echinometra miocenicus, a slightly later 
species from the same area and probably descended from Echinometra 
fontannesi is additionally distinguished by strictly polyporous plate 
compounding throughout, as are the Japanese Miocene form Echinometra 
hondoana of Nisiyama (1966) and all extant forms.
Ecological Conclusions from Functional Morphology
In all echinoids test elongation tends to be associated with an infaunal 
or cryptic mode of life. Coarse subradial tuberculation, lack of 
specialized repiratory structures or of anterior-posterior 
differentiation rule out true burrowing in sediments below rudaceous 
size grade. The small number of pore units and narrow poriferous zones 
adorally suggest that Echinometra prisca would be ill-adapted to life in 
exposed high-energy conditions, in contrast to the living species 
Echinometra lucunter whose numerous subambital tube feet allow it to 
hang on to hard bottoms even in the surf zone (Abbot et al., 1974; pers. 
obs.). Small size, apparent lack of enlarged tags on auricles, and 
association with corals (Chapter III), suggest that its ecology was
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doser to that of the Recent species Echinometra viridis, which 
McPherson (1969) found to be typical of offshore patch reefs.
Imperforate noncrenulate tubercles with a narrow areole and large boss 
suggest that the spines they bore served a primarily static function and 
could be flattened against the test at need. The species’ most likely 
mode of life was therefore as a sessile nestling form in rudaceous 
debris and/or as a cryptic crevice dweller.
- 262 -
ü
fO
3n
E
CO
E
E
CM
E
3
L_
Ü
jO
3
43
E
CO
k-
<D
C
CM
0)
L.
3
O)
c
CO
3
!5
E
CO
0>>o co
jQ 0)
CO o
>, CM000)
UJ
.2 X0) z
E s
E 00
C3) E
C o
Bc
3 co
O •g
Q. 'üE 3o
o CO
L_0) O
"cO E
a coü
■Dc co
CO
C Ok_0) 2•*-> cô
"co (Da xz
co
«
3 cO
m con
3
k.
TO
CO
C Ü
g g
Cco a
3 COCT k-
C
O
0?
Eü o
CD çk- !Eo ü
û. LU
- 263 -
0
Order ECHINONEIDA Jensen, 1981 
Family ECHINONEIDAE Agassiz & Desor, 1847
Genus ECHINONEUS Leske, 1778
ECHINONEUS CYCLOSTOMUS Leske, 1778
Diagnosis, Synonymy and Description of Recent Material
See Mortensen (1948), p.76 onwards. Old world fossil records of 
potentially conspecific forms are discussed by Challis (1980).
ECHINONEUS cf. CYCLOSTOMUS Leske, 1778 
Appendix H (Frames 33-34)
Description of Anguillan Material
See Appendices G and H.
Discussion
Lambert’s new species Echinoneus anguillae was erected without 
diagnosis, description or comparison and is therefore formally invalid. 
Although all other authors since Cotteau have referred the sole 
Anguillan specimen to the Recent species Echinoneus cyclostomus, this is 
not strictly possible. While its discernable test characters fall within 
the range recorded for Recent Echinoneus cyclostomus by Westergren 
(1911), they are insufficient for firm species assignation. Echinoneus 
cyclostomus is distinguished from the other living member of the genus, 
Echinoneus abnormalis, only by its imperforate primary tubercles and 
better developed glassy tubercles. The ornament being too worn for 
either character to be discernable in the only traceable Anguillan 
specimen, this is only tentatively referred to the older name on the 
grounds of priority. Bearing in mind other confirmed Lower Miocene 
records of this species (Mortensen, 1948), and even possible Oligocene 
records from the Maltese Archipelago (Challis, 1980), such assignment 
doe not seem unreasonable, being indeed consistent with the low rate of 
morphological evolution in other holectypoids (Rose & Giver, 1985).
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Order CLYPEASTEROIDA A. Agassiz, 1872 
Suborder CLYPEASTERINA A. Agassiz, 1872 
Family CLYPEASTERIDAE L. Agassiz, 1835
Genus CLYPEASTER Lamark, 1801
For diagnosis and generic synonymy see Durham (1955, 1966). For 
discussion of overall variability, adaptive strategies and taxonomic 
difficulties see Poddubiuk (1985), Poddubiuk & Rose (1985) and Rose & 
Poddubiuk (in press). An impression of gross morphological variability 
can be obtained from text-figure 43, which also indicates probable 
preferred depth of burrowing for the most common morphotypes. 
Intraspecific variation has never been formally studied even in the 
common living members of the genus. Its underestimation, particularly in 
fossil forms, has given Clypeaster over 400 nominal species, far more 
than any other echinoid genus (Durham). Indeed the Caribbean 
Oligo-Miocene record has been among the worst cases of this phenomenon, 
Sanchez Roig (1952a) listing more than 50 Clypeaster species of this age 
from Cuba alone. In recognition of this unjustified splitting subsequent 
workers have sometimes lumped together many species on the grounds that 
characters used in their distinction were taxonomically insignificant. 
Unfortunately such ^  priori assumptions are insufficient to synonymize 
pre-existing species. Actual overlap in known populations should instead 
be demonstrated, or potential overlap shown by statistical testing. 
Unqualified synonyms listed herein are based on specimens falling 
entirely within the described morphological range of Antiguan or 
Anguillan forms. Named forms that probably represent atypical 
individuals are synonymized with a "?", but not accorded formal 
taxonomic priority; such usage is often necessary where the original 
description was inadequate and the type or referred material of the 
author concerned is lost or otherwise unavailable.
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CLYPEASTER BATHERI Lambert, 1915 
Plates 81, 82, 88 (figure 1); 
Appendix H (Frames 38-52)
Diagnosis
Medium-sized, up to 90mm TL; oval to subpentagonal, TW 70-90% TL; 
low-domed to depressed (TH 20-35% TL) with thick rounded margins and 
strongly concave adorai surface raising peristome by 7-20% TL. Showing 
clear anterior-posterior asymmetry in margin thickness and test 
inflation, with test base arched by c_^  5% TH in lateral profile. 
Peristome pentagonal, length 9-10% TL, with transverse elongation 
105-110%; centre located c_^  5% TL anterior. No development of food 
grooves. Periproct small, subcircular, 4-5% TL in diameter, 60-110% of 
its own length from the rear of the test. Apical system with oculars 
projecting beyond interambulacral points of madreporite. Petals flush or 
little inflated (maximum inflation < 10% PETW); length typically about 
65% of perradial length, increasing from 56% in smallest specimens to 
75% in largest; in each ambulacrum subequal in absolute width, but this 
ranging from 45-70% PETL; maximum width of interporiferous zone 35-55% 
PETW; widely open but not divergent, distal width of interporiferous 
zone typically around 65% of its maximum, although ranging 45-100%. 
Ridges separating conjugate anisopores of petals only very slightly 
developed, making them rather indistinct in unworn specimens, and only 
bearing 2-6 tubercles; conjugate grooves of pore units slightly sinuous 
at test surface. Pair of nonconjugate shape anisopores typically 
developed immediately beyond last respiratory pore in each poriferous 
zone.
Systematic Discussion
Traditional reliance on plastic features of petal shape and 
tuberculation in species diagnosis, without first ascertaining 
intrapopulation variation has resulted in a host of subjective synoyms. 
Examination of a reasonably sized sample shows that little reliance can 
be placed on such characters as straightness of pore series or precise 
number of tubercles on ridges between respiratory pores, even if size is 
controlled as suggested by Serafy (1970) (see Appendix H).
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Although it is possible that Clypeaster batheri is synonymous with 
Clypeaster cotteaui and with C_^  parvus, no holotype or originally 
figured material of these earlier described species could be traced to 
confirm this and dispel doubts over apparent differences. Clypeaster 
parvus, whose name would undoubtedly have formal priority if its 
conspecificity could be proved, is either distinct on size grounds, or 
based on rather atypical juvenile specimens. Of the two specimens shown 
in Michelin's (1861) hand-drawn figures, one lacks food grooves entirely 
as in Antiguan Clypeaster batheri, but his written description indicates 
these were slightly developed in the other. Moreover, in both specimens 
the periproct is shown adjacent to the posterior margin of the test, in 
contrast to the clear separation seen in all adult and juvenile Antiguan 
Clypeaster batheri. Other circumstancial evidence inconsistent with 
conspecificity includes the suggestion on the label of a cast in the 
NHMP that the holotype was of Pliocene age. Regarding Clypeaster 
cotteaui, Egozcue y Cia (1897) in his original description of the 
species explicitly noted and hand-illustrated adorai food grooves. While 
development of food grooves is known to be very variable in some modern 
Clypeaster, e.g. C. rosaceus, the total absence of any in Antiguan C. 
batheri would seem sufficient grounds for continuing to treat it as a 
distinct species. Another possible distinction might be the shape of the 
apical system; according to Egozcue y Cia’s description this is a 
relatively large star in C^ cotteaui, while in C^ batheri it seems 
always to be pentagonal or barely decahedral. Despite doubts over the 
reality or significance of the above-mentioned distinctions, I prefer 
for the moment to use the earliest well-documented name for which 
original type material is still available, Clypeaster batheri of Lambert 
(1915). This has the additional advantage of being based on an Antiguan 
specimen, justifying the use of newly collected material in estimates of 
intraspecific population variation. The only mid-Cenozoic North American 
species resembling Clypeaster batheri is C. rogersi (Morton). The 
mid-Oligocene cotypes of the latter species in the ANSP are easily 
distinguished by their lower tests (TH < 20% TL), flat test base and 
ambital plane, clear food grooves, well-developed bourrelets (sensu 
Phelan, 1977) and periproct lying approximately 2 periproct lengths in 
front of the posterior test margin.
Clypeaster planipetalum of Egozcue y Cia (1897), whose holotype has also 
proved untraceable, appears to be more or less intermediate in test and 
petal form between Clypeaster batheri and C_j_ concavus concavus. In its
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low margins, elevated petaloid area, fine tuberculation and posterior 
periproct position it more closely resembles the latter species, but its 
original illustrations also indicate a non-stelliform madreporite and a 
maximum of 4 tubercles on ridges between respiratory anisopores, 
characters closer to those of Cj_ batheri. In view of the 
non-availability of original type material, and its apparently 
intermediate possition between these two it is not included in the 
synonymy of either species.
Most tumid-margined and adorally concave Clypeaster species from the Old 
Wold Tethyan region are distinguished from Clypeaster batheri by more 
closed petals, even where details of tuberculation, peristome and 
periproct are similar (e.g. C. pelviformis from the Gaj Serires of Sind, 
in which ICLOS < 30% IPZW). Among the rare exceptions is the Oligocene 
Libyan species described as Clypeaster cf. solanoi by Rose (1966) which 
additionally resembles batheri in its apical system and in possessing a 
pair of non-respiratory shape anisopores at the end of each petal's 
poriferous zone. Even this form is easily distinguished, however, 
aborally by much better developed respiratory pore units, in which the 
conjugate grooves are non-sinous and separated by ridges bearing 7 or 
more tubercles, adorally by well-developed food grooves. Judging from 
LAMB 18115, Spanish specimens of Clypeaster solanoi proper may also 
differ in wider but more closed petal interporiferous zones (IPZW > 54% 
PETW; ICLOS < 35% IPZW). Another related form described from the 
mid-Cenozoic of Egypt, Clypeaster depereti Gauthier (synonyms 
geneffensis and vaselli) is additionally distinguished by significant 
petal inflation (by 15-40% PETW).
Ecological Conclusions from Functional Morphology
Anterior-posterior asymmetry in test shape and marginal/aboral 
tuberculation pattern suggests that the species was itself a burrowing 
form, or recently evolved from one. The thickness of the anterior margin 
and the maximum efficiency hexagonal close packing of large radially 
symmetrical tubercles there is indicative of the need for effective 
sediment-loosening spines in the animal's substrate. Relatively large 
tubercle size and low tubercle packing densities indicate this was 
typically rather coarse. The total absence of food grooves, corroborated 
by the deeply sunken adorai surface, suggests a reliance on macroscopic
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food sources. The difference in size of the peristome and periproct 
suggests that this was finely comminuted by the jaws, and together with 
the relatively narrow gut trace suggests the food had a relatively high 
nutrient value to bulk ratio (typical of animal rather than vegetable 
sources).
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CLYPEASTER CONCAVUS Cotteau, 1875 
Plates 83-87, 88 (figure 2); text-figures 44, 45; 
Appendix H (frames 53-79)
Diagnosis
Test medium to large, test length typically 55-150mm. Ambital outline 
oval to subpentagonal; maximum width 77-87% TL. Test height 14-30% TL; 
aboral surface low marginally, but with petaloid area moderately 
inflated; anterior margin thicker and more tumid than posterior. Adorai 
surface moderately concave within flattened marginal zone, raising 
peristome above test base by 5-17% TL (24-58% TH). No curvature of 
ambital plane or test base in lateral profile. Peristome pentagonal, 
length 7-12% test length. Periproct submarginal, length 3.5-6% TL with 
rear 30-85% of periproct length from rear margin of test. Apical system 
central; madreporite stelliform; genital pores normally in contact with 
madreporite. Petals lanceolate, almost flush to highly inflated; length 
24-38% TL (54-88% PERL), width 45-75% TL. Unpaired petal longer, 
narrower and with a more open interporiferous zone than paired petals, 
relative both to test length and perradial length. Interporiferous zone 
width reaching a maximum of 38-68% PETW, decreasing distally to 5-34% of 
this in paired petals, 8-56% of it in unpaired petal. Test wall single.
Discussion
The abundance of Clypeaster concavus in the Caribbean Miocene allowed 
even early palaeontologists to remark on its intrapopulation variation. 
In contrast to the situation for Clypeaster batheri and C_^  julii, such 
synonyms as occur appear to reflect real interpopulation differences, if 
only in test size. Like Cooke (1959) and Gordon (1963), the present 
author does not consider these to be sufficient justication for separate 
specific status. Other characters all seem to fall within the range seen 
in Anguillan Clypeaster concavus when normalized by test size (see 
Appendix H). However figure 2 of Poddubiuk (1985) suggest that from a 
biostratigraphic point of view its arbitrary division into subspecies on 
the basis of test size may be useful. Herein a smaller earlier 
subspecies, represented by the Anguillan population of Clypeaster 
concavus and including the species holotype, is informally distinguished 
from a later larger subspecies typified by material previously referred
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to as C_^  gatuni. Only the older and earlier described form directly 
concerns us here and forms the basis for the species description. 
Clypeaster antillarum has long proved enigmatic, resembling the later 
larger representatives of the species, but recorded by Cotteau (1875) 
only as a single specimen from Anguilla. In several months of fieldwork 
on that island the author found no other specimen closely resembling it 
in size or overall shape, nor any outcrops with a similar matrix 
lithology or weathering pattern. The Anguillan occurrence of the species 
was also explicitly rejected by Guppy (1879), the only contemporary 
echinoid palaeontologist actually to have visited the island, while an 
early label clearly assigns the type specimen itself to Puerto Rico. In 
view of the uncertain provenance and poor preservation of its unique 
holotype, and its atypical characteristics, Clypeaster antillarum is 
only tentatively included in the synonymy of Clypeaster concavus, the 
latter name being retained despite the former’s page priority in Cotteau 
(1875). Gordon’s (1963) subspecies Clypeaster concavus puertoricanus 
falls entirely within the range of variation of Anguillan Clypeaster 
concavus and seems unlikely to be worthy even of varietal status. The 
Middle Miocene Caribbean species Clypeaster cubensis (probable synonyms 
caudatus and kugleri) seems to be descended directly from C^ concavus, 
but is distinguishable by the double-wall construction of its test 
(Poddubiuk, 1985). The Pliocene-Recent Caribbean form Clypeaster 
rosaceus represents further evolution in the lineage, being additionally 
distinguished by clear separation of the gonopores from the madreporite 
in normal individuals (Poddubiuk 1985).
The ’’concavus” morphotype of Clypeaster (see Poddubiuk & Rose, 1985) has 
proved one of the most successful adopted by this genus and the number 
of its nominal species in the Old World is high. Most of these (e.g. 
acclivis, coronalis, crassus (L. Agassiz, 1840 not Kier, 1963), 
excentrions, danubiens, guebhardi, intermedins, paronai, sciesai, 
scillae, vasatensis, ventiensis) can be distinguished by narrower, more 
open or more equal petals, typically more inflated. The remainder, in 
which petal form is similar (e.g. Clypeaster martini), are recognizable 
by the thinner margins of their lower tests.
Ecological Conclusions from Functional Morphology 
Anterior-posterior shape and tuberculation pattern asymmetry,
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particularly thickness of anterior margin, suggest an active burrowing 
habit in coarse sediment. High tubercle packing density aborally, 
inflation of the petaloid mound and petal closure were used by Poddubiuk 
(1985) as evidence for a completely covered burrowing habit.
- 273 -
Figure 44
Tubercle  diameter  
(microns)
Tubercle packing 
(Tubercles per cm^)
% Utilization of 
available space  
by tubercles
Degree and direction 
of tubercle enlargement  
(diagrammatic)
Some Tuber c le  C h a r a c t e r i s t i c s  of 
C l y p e a s t e r  concavus
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CLYPEASTER JULII Roman, 1952, for (Lambert, 1915) 
Plates 89, 90; Appendix H (Frames 80-89)
Diagnosis
Large to very large, test length typically 120-180mm with maximum width 
80-88% of this. Aborally subconical to subhemispherical with maximum 
height subcentral and reaching c_^  50% TL. Concave adorally with deeply 
sunken buccal infundibulum. Apical system slightly anterior. Peristome 
subcentral, slightly anterior; food grooves entirely absent. Periproct 
subcircular, extremely small with maximum diameter less than 4% TL; 
located submarginally, just over 2 periproct lengths from posterior 
margin of test. Petals long c_^  80% of perradial length, wide with width 
of petal typically over 50% of its length, divergent with width of 
interporiferous zone over 90% of its maximum at the distal end of each 
petal. Test construction single-walled.
Discussion
Although Lambert’s original description of this species is adequate for 
its diagnosis, inclusion of the genus Anomalanthus within Clypeaster 
invalidates his specific name gregoryi, preoccupied by an entirely 
distinct European form. Roman (1952) created the new specific name julii 
for the Caribbean form, and his is therefore the formal authorship of 
the taxon.
None of the Cuban species described by Sanchez Roig as Anomalanthus or 
Zanolettia is distinguishable from the present Antiguan sample of 
Clypeaster julii on characteristics discernable in his written 
descriptions or illustrations. Since all are of Upper Oligocene age, 
with up to 5 species sometimes recorded by this author from the same 
locality, their separate recognition, even at varietal level, cannot be 
accepted herein. Other Caribbean Clypeaster generally resembling 
Clypeaster julii in size and shape, e.g. C. cubensis and Clypeaster 
rosaceus, are easily distinguished by their greater petal closure, a 
double wall test construction and/or separation of the gonopores from 
the madreporite.
Since no West Tethyan fossil Clypeaster even remotely resembling C^
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julii have ever been described, it is presumed to have evolved in the 
Caribbean region, probably from an ancestor resembling C^ batheri. The 
only known extra-Caribbean species with which it shares many affinities 
appears to be the eastern Australian form C^ tumidus, best described by 
Endean & Pope (1964). Although this living form closely resembles the 
Antiguan species aborally, suggesting a close evolutionary relationship, 
it is easily distinguished by the presence of clear food groves and a 
larger periproct (length > 5% TL), inframarginal in position. The first 
two characters are very plastic within the genus, and sometimes even 
within a single species, but the last is both stable intraspecically and 
rather unusual.
Ecological Conclusions from Functional Morphology
Large test, inflated aborally and flattened adorally with little trace 
of anterior-posterior asymmetry in longitudinal section is indicative of 
an epibenthic lifestyle (Poddubiuk, 1985). This is supported by 
tuberculation pattern, especially the lack of enlarged, particularly 
close-packed tubercles bearing sediment loosening spines at the anterior 
margin, and by the widely open, subradially arranged petals. Absence of 
large clinging tube feet and usual thinness of test indicative of a 
low-energy environment. Deep adorai infundibulum and absence of food 
grooves suggests reliance on bulky food. However, very small periproct 
far removed from posterior margin of test suggests fine comminution of 
food particles and a low defaecation rate, which in turn suggests a 
relatively high efficiency of food utilization. Digestively, the latter 
is more easily achieved on an animal rather than a vegetable diet.
- 277 -
CLYPEASTER QXYBAPHQN Jackson, 1922 
Plates 91-94; Appendix H (frames 90-109)
Diagnosis
Test medium to large, up to 135mm in length. Ambital outline oval to 
subpentagonal with width 70-90% TL. Characterized by distinct dishing of 
aboral surface within swollen tumid margin, and by slight to moderate 
concavity of whole adorai surface. Peristome central, 6-9% TL in 
diameter. Periproct length 3.9-4.9% TL, located 70-130% of this from 
rear of test. Apical system stelliform, subcentral 0-7% anterior. Petals 
flush or barely swollen, lanceolate, extending 60-70% of perradial 
length, with a slight increase from posterior to anterior. Maximum petal 
width 45-60% petal length; width of interporiferous zone in turn 45-60% 
of petal width; width of interporiferous zone distally 25-50% of its 
maximum for paired petals, slightly greater, 30-55% for the unpaired 
petal.
Discussion
Although initial impressions suggest that Jackson’s Puerto Rican 
paratype may be distinct from his Antiguan holotype in being narrower, 
higher, adorally more concave, with a more elongate peristome and with 
coarser, less densely packed tubercles (see Appendix H), collecting both 
on Antigua and Puerto Rico has revealed numerous intermediates between 
them. The differences described above actually correlate with sediment 
texture. The high, narrow, large-tubercled variety occurs in coarse 
well-sorted algal rich units (e.g. subfacies ANT[F2] on Antigua and the 
Juana Diaz Formation of Guanica Harbour on Puerto Rico), while the 
lower, wider small-tubercled form is characteristic of muddier units 
where lepidocylines are more complete and predominant (e.g. subfacies 
ANT[F1] on Antigua, Juana Diaz Formation of Rio Jacagua on Puerto Rico).
Jackson (1922) erected the species C. platygaster for a single Cuban 
specimen seeming quite distinct from his population of Clypeaster 
oxybaphon. Studies of Puerto Rican material led Gordon (1963) to agree 
with Cooke (1959) that its separate specific status was not justified, 
it being no more than an end point in the intraspecific variation of C. 
oxybaphon. This certainly cannot be proven for C_j_ oxybaphon from the
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Antigua Formation (the type Formation), none of which transcend 
Jackson’s original species concepts. A numerical study of Cuban and 
Puerto Rican material available to the author (given in Appendix H) 
suggests that although C_^  oxybaphon and C^ platygaster are very closely 
related, the latter can be distinguished by greater petal closure, if 
not absolutely on the basis of oral surface concavity, Jackson’s 
original diagnostic character. Even in the unlikely event of their 
conspecificity being shown by population studies in the Miocene on Cuba, 
the name platygaster would be worth retaining as a formal variety or 
ecotype (the matrix of known specimens is much finer grained than the 
sediments in which typical C. oxybaphon occurs). Whether genotypically 
or phenotypically controlled, the flatness of the adorai surface and 
greater closure of its petals appear to be related to the need for a 
larger area of contact in an animal forced to live epifaunally on a 
rather soft substrate. The rather irregular attenuation of the petals 
may be a reaction to sedimentation stress during early development in 
such an environment. The stronger development of food grooves in C. 
platygaster seems to correlate with more extensive development of the 
gut.
The distinctive dishing of the aboral surface and adorai concavity limit 
the number of potentially comparable Old World species, being absent in 
most forms with similar test depression and comparable, relatively 
closed petals (e.g. Clypeaster microstoma). Clypeaster depressus, from 
the Miocene of India and East Africa, while somewhat similar in test 
shape is easily distinguished by its smaller size (TL 15-65mm, typically 
< 45mm), relatively shorter, more open, petals (PETL c. 50% PERL), and 
periproct closer to the posterior test margin (POST-PPT c_j_ 30% TL), as 
well as typically thinner margins (MARGT 3-12% TL); similar differences 
separate C_j_ karamanensis (judging from LAMB 1859a) and C_^  martini. This 
is not the case for some Indian Clypeaster pulvinatus (e.g. BMNH E.674), 
which differ from some smaller Puerto Rican oxybaphon only in their 
slightly wider and more open petals (PETW > 65% PETL; ICLOS > 70% IPZW).
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Suborder LAGANINA Mortensen, 1948 
Family LAGANIDAE A. Agassiz, 1873
Genus SISMONDIA Desor, 1858
SISMONDIA ANGUILLAE Cotteau, 1875 
Appendix H (frames 35-37)
Diagnosis
Test small, < 11mm in length, subcircularand low-domed. Peristome 
located centrally in adorai concavity, subcircular with length c_^  13%
TL. Periproct circular, located approximately midway between posterior 
of test and peristome, c_^  23% TL and 4.8 periproct lengths in front of 
the former. Apical system subcentral, lacking genital pore 5. All 
ambulacral petaloid; petals subequal in length, all c_^  32% TL and 67% 
PERL; poriferous zones comprising well-developed size and shape 
anisopores, widely open to divergent. Overall width of ambulacra 33-42% 
that of interambulacra at ambitus. Small, sunken, radially symmetrical 
tubercles densely packed over whole of test surface with packing density 
exceeding 500 per centimetre squared.
Discussion
Only one example of this species was examined by the author, the 
Anguillan holotype USNM 115421, the other material recorded by Brown 
(1913) and Jackson (1922), apparently having been lost. The existence of 
genital pores at such a small size, and of a periproct far removed from 
the posterior border of the test, distinguish it from juveniles of other 
clypeasteroids which may occur in the same sediments. Unfortunately the 
preservation of the unique specimen is such that its precise generic 
ascription within the Laganina can only be considered tentative. On 
general morpholgy and the occurrence of only 4 genital pores the species 
could be referred to either Sismondia or Neolaganum. Sismondia is 
normally distinguishable by petals lacking pseudocompound plates and by 
a periproct well separated from test margin (by c_^  40% of the distance 
from rear of test to peristome), while Neolaganum shows diad and triad 
pseudocompound plates within its petals and a periproct much nearer the 
posterior margin of the test (Durham, 1966). Plate sutures are invisible
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aborally aborally in the only known specimen of this species. Moreover, 
while the very elongate adradial perforations of the respiratory pores 
are more typical of Neolaganum than Sismondia, the reverse is true for 
the position of the periproct almost midway between posterior margin and 
peristome. Pending the discovery of other, better preserved, material 
the ascription to Sismondia is maintained here.
Ecological Conclusions from Functional Morphology
Absence of any structures that could produce a respiratory funnel 
suggests restriction infaunally to well-sorted sediments. Evenly 
developed tuberculation and uniformly high tubercle packing density 
suggest a sluggish-burrowing mode of life in fine grainstones.
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Order CASSIDULOIDA Claus, 1880 
Family ECHINOLAMPADIDAE Gray, 1851
Genus ECHINOLAMPAS Gray, 1825
Generic Diagnosis
Test medium to large, moderately to highly inflated. Apical system 
subcentral to anterior, monobasal. All ambulacra petaloid; petals open, 
poriferous zones usually curved and unequal, at least in anterior paired 
petals. Single pores in plates beyond petals. Periproct marginal to 
inframarginal, transversely elongate. Bourrelets moderately to highly 
developed adjacent to peristome; phyllodes widened with buccal pores 
before peristome.
Discussion
The subgeneric divisions provided by Lambert & Thiery (1909-1924) and 
accepted by Mortensen (1948a) are vaguely defined, intergradational and 
polyphyletic. Following Kier (1962, 1966c) they are not adopted herein. 
As in the case of Clypeaster, paucity of qualitative characters 
necessitates reliance on a small number of continuously variable 
quantitative characters for species diagnosis. Fortunately, the 
burrowing morphotypes of Echinolampas, the most difficult to deal with 
systematically as individuals, are usually abundant, well-preserved and 
easily extractable in sediments suitable for their colonization, 
allowing large samples to be collected and statistical methods applied.
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ECHINOLAMPAS LYCQPERSICUS Guppy, 1866
Plate 96, figures 1-5;
Appendix H, frames 117-128
Diagnosis
Test size moderate, length typically c_^  44mm, rarely up to 75mm. Ambital 
outline subovoidal; maximum width 80-91% TL, £  10% posterior. Lateral 
profile low-domed, maximum height subcentral, 33-52% TL. Adorai surface 
very slightly concave immediately adjacent to slightly anterior, 
subpentagonal, and transversely elongate peristome. Bourrelets 
moderately developed, slightly projecting into peristome outline in 
anterior paired interambulacra. Periproct large, length 7-15% TL, 
transversely lensoidal and inframarginal. Apical system slightly 
anterior, by 1-11% TL; madreporite pentagonal; four equal circular 
gonopores, normally exceeding 0.7mm diameter. Petals straight or 
slightly curved; very unequal relative to test length. Length of 
posterior petals typically 32-47% TL with anterior paired petals 
slightly shorter (31-41% TL) and petal III much shorter (23-33% TL). 
Petal width 28-47% PETL. Interporiferous zones of petals flush or very 
slightly swollen, with their maximum width 43-76% that of petal; distal 
closure very variable, 43-81% of their maximum. Poriferous zones of 
posterior paired petals and petal III subequal or slightly unequal in 
length, differing by up to 7%, but without a consistent pattern of 
enlargement; poriferous zones of anterior paired petals very unequal, 
with anterior 71-85% length of posterior, narrower and usually less 
curved. Pores single beyond petals, inconspicuous on test margins, 
enlarging and arranged irregularly in 2 or 3 columns per poriferous zone 
near peristome, with clear buccal pore in each at the peristome margin.
Discussion
Apparent slightly subconical nature of Echinolampas anguillae is due to 
crushing; although the isolated holotype of this species is rather 
larger than typical ^  lycopersicus, this is not considered sufficient 
grounds for its taxonomic separation.
Although Gordon (1963) was probably correct in ascribing his Puerto 
Rican material to Echinolampas lycopersicus, they are typically smaller
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than Anguillan material. This is equally true of Puerto Rican material 
collected by the present author, though all the specimens recovered fell 
within the range of the measured Anguillan population.
Apparent dichotomy in gonopore size may reflect sexual dimorphism, the 
larger-pored individuals presumably being females producing 
nonplanktotrophic larvae. If this is indeed the case, then the 
male/female ratio of c_^  10% is in accord with that of the modern 
Caribbean burrowing cassiduloid Cassidulus caribbearum (Gladfelter, 
1978). By promoting genetic isolation, it would also explain the 
frequency of minor differences between separated populations.
Material collected by the author from the Aquitanian of Tintamarre near 
Anguilla differs consistently from specimens of slightly later age on 
the latter island in its thinner test and narrower petals, though not 
separately described here. Jackson’s referred material from outside 
Anguilla includes many other specimens differing significantly from 
Echinolampas lycopersicus of this type locality. For example, AMNH 
38504, supposedly from the Oligocene of Puerto Rico, is more depressed 
aborally (TH c_^  23% TL), has a stelliform madreporite bearing small 
tubercles and longer, narrower petals. All the Cuban material that I 
have examined, including specimens identified as ^  lycopersicus by 
Cotteau, Jackson and Palmer, also falls outside the morphological range 
of the Anguillan population, though this does not seem true of the 
specimens illustrated by Egozcue y Cia (1897) or of some specimens 
inadequately described by Sanchez Roig (1920-1953). Without a better 
idea of intraspecific variation in the populations from which they were 
collected, or from comparable modern species, it is impossible to assess 
objectively whether they should be described as ecotypes, local 
geographic variants, subspecies or species. Pending verification I 
exclude them from further discussion here, referring to them as cf. 
lycopersicus where necessary elsewhere. The Brazilian species olivierai 
shares with lycopersicus characteristically large gonopores and has very 
unequal curved poriferous zones in its anterior petals; although the 
holotype certainly appears to be distinguished by a posterior apical 
system, Brito (1981), after working on large populations, discounted 
this as an individual abberation. Among other Caribbean species 
Echinolampas tanypetalus, described from the Upper Eocene of Florida by 
Harper & Shaak (1974), differs from lycopersicus in possessing better 
developed phyllodes, longer petals with more equal poriferous zones and
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a larger test (the smallest known specimen being 69mm in length), while 
Echinolampas clevei, the contemporary Lesser Antillian Eocene species, 
is even more distinct in its much narrower test and more anterior apical 
system. The closest neotropical form to have been adequately described 
seems to be E. aldrichi from the Oligocene of the southeastern U.S.A., 
distinguished from lycopersicus by its consistently wider test (TW > 95% 
TL), typically subconical profile, uniformly small gonopores, more open 
anterior petals (ICLOS II > 82% IPZW), and smaller periproct (PPTL < 8% 
TL). ^  paraensis from the Lower Miocene of Brazil can be distinguished 
on similar grounds, in addition possessing a central apical system.
Of over a hundred Mediterranean fossil species of Echinolampas. few 
share with E. lycopersicus a subovoidal low-domed shape, a slightly 
anterior apical system, and broad comparably closed petals decreasing in 
length anteriorly with strongly curved, very unequal, poriferous zones 
in the cases of ambulacra II and IV. Most of the Eocene forms in 
particular seem to be distinguished by subequal poriferous zones in the 
anterior paired petals (e.g. affinis, amygdala, burdigalensis, frassi 
and stelliformis). More similar are the Middle Eocene ^  crameri and 
the Eocene-Oligocene Echinolampas zignoi (synonyms blainvilli and 
hydrocephalus), both distinguished by a more anterior apical system and 
shorter petals, with the former additionally of smaller size (TL 
typically < 30mm). The Eocene form most closely resembling lycopersicus 
seems to be ^  sulcatus, though this is still distingushed on gross 
morphological features, notably the relative narrowness of the 
interporiferous zones in its petals (IPZW < 45% PETL). The best known 
Oligocene forms are distinguishable from lycopericus by a more anterior 
apical system and narrower petals (e.g. subsimilis, jacquemonti). An 
Oligocene species of similar petal shape to lycopersicus is the 
Indian/East African species discoidea, distinguished by its wider and 
larger test (TL > 70mm in all known material; TW 95-100% TL). The 
closest contemporary species to Echinolampas lycopericus is the North 
African species ^  chericherensis, recorded from Morocco to Iran. Though 
frequently indistinguishable on petal characteristics, this form can be 
separated from lycopersicus by smaller genital pores, better developed 
phyllodes (with phyllodal pores in two series rather than one near 
peristome), less well-developed bourrelets, and a wider test (TW 86-99% 
TL in Gregory’s Libyan material examined in the BMNH).
- 285 -
Ecological Conclusions from Functional Morphology
Thick rounded margins with maximum inflation and ambitus height 
anteriorly, as well as strong bilateral symmetry in petal orientation 
and anterior-posterior trends in their character, suggest a totally 
burrowing mode of life. This is supported by the dense and fine aboral 
tuberculation, with packing highest within partially closed petals. 
Almost flush petals, inequality of length and width in poriferous zones 
of anterior paired petals and absence of analogues for fascioles or 
funnel-building tube feet suggest restriction to well-sorted sediments 
where some internal circulation occurs. The lack of a particularly 
distinctive anterior-posterior gradation in marginal tubercle size 
suggests the material was also loose. In the absence of jaws, the 
animals must have survived by selective feeding on large sediment 
particles, as suggested by well-developed phyllode, raised, downwardly 
directed peristome and large periproct. Large gonopore size and low male 
to female sex ratio suggest an R-selected reproductive stategy.
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ECHINOLAMPAS SEMIORBIS Guppy, 1866
Plates 97; text-figure 46;
Appendix H, frames 132-145
Diagnosis
Test large, typically over 90mm long and up to 120mm long. Ambital 
outline oval, with maximum width 86-96% TL, never rostrate. Profile 
high-domed to subconical with flat adorai margins; maximum test height 
47-60% TL, subcentral. Peristome central, subpentagonal, length 5-8% TL. 
Large transversely lensoidal periproct 10-15% TL in width. Apical system 
subcentral, 0-7% anterior. Petals long, length 46-67% TL, 77-94% 
perradial length; maximum width 18.8-24.0% of their length;
interporiferous zone width reaching 59-68% of maximum petal width. All
petals widely open distally, sometimes divergent; distal width of 
interporiferous zone 70-100% of its maximum width. Poriferous zones 
subequal in length in petals I, II and V; posterior zone length 105-119% 
that of anterior in II, and IV. Although petals I and V may be straight, 
petals II-IV are always slightly curved, imparting a distinctive 
asymmetry to the test; petals II and IV curved anteriorly through 5-15° 
with former more curved than latter; petal III curved to left (towards 
lA 3) through up to 20°. Phyllodes long comprising enlarged unipores in 
3 columns at maximum packing; bourrelets poorly developed, not
projecting over peristome, best developed in lA 2 and lA 3.
O
Discussion
One of the most distinctive fossil species of Echinolampas in the New 
World, probably ancestral to the genus Conolampas, which is
distinguishable mainly by the straight and equal poriferous zones of its
petals. The Aquitanian specimens from Trinidad described as 
"Echinolampas (Macrolampas) semiorbis" by Jeannet (1959), differ 
drastically from Anguillan material, notably in their smaller and lower 
test, their clear anterior-posterior asymmetry in profile, their pointed 
apices, and their narrower petals (see Appendix H). While they may 
easily represent a form ancestral to true Echinolampas semiorbis, they 
more closely resemble E. aldrichi from the Oligocene of the U.S.A., and 
the Puerto Rican specimens referred to that species by Gordon (1963), 
though differing in having a less well-developed floscelle. Gordon’s
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(1963) Puerto Rican Echinolampas semiorbis, are also typically smaller 
and narrower petaled than those from the type locality and presumably 
represent a stunted or more primitive population of the species. A very 
closely related species appears to be the Jamaican form Echinolampas 
plateia, which shares with semiorbis not only its general test shape and 
petal form but even the unusual asymmetry of its petal curvature. It is 
distinguished, however, by its narrower test (TW 84% TL in holotype, 
reaching 88% TL in the widest specimens examined), the wider poriferous 
zones of its more closed petals (IPZW < 59% PETW; ICLOS < 70% IPZW), its 
more anterior peristome (anterior by > 5% TL) and typically also apical 
system. Analogous differences are even more pronounced in other high 
domed Caribbean forms such as Echinolampas alta (Arnold & Clark, 1927).
Only a few Old World species of Echinolampas share with semiorbis the 
combination of a large high-domed test (TL > 80mm; TH > 45% TL), long, 
subradially disposed petals extending almost to the ambitus (PETL > 75% 
PERL) and curved poriferous zones that are nevertheless widely open 
distally (ICLOS > 70% IPZW). Perhaps the best known of these is 
Echinolampas lucae (probable synonyms including hungaricus, nevianii, 
plagiosomus and subpentagonalis), recorded throughout the Miocene from 
Egypt to Spain. This is easily distinguished by its almost perfectly 
circular ambital outline (TW 97-100% TL), straight petals, slightly 
posterior apical system and far better developed bourrelets. Slightly 
closer to Echinolampas semiorbis is E. desertions of Desio (1929); 
although its apical system is anterior, its petals are similarly curved 
and its ambital outline is oval, this differs from the Caribbean species 
in greater petal closure and more highly developed bourrelets. Among 
species of similar shape but smaller size, the closest to semiorbis are 
apparently africanus from the Eocene of North Africa and altus from the 
contemporaneous Indian strata; these fall within the morphological range 
of the later Caribbean species on most relative measures except petal 
curvature (III straight; II and IV curved equally through less than 5°), 
petal IPZW (which never exceeds 58% PETW) and bourrelet development, 
though the former typically also possesses a more conical test and 
longer more open petals (PETL I often 68% TL; ICLOS 95-100% IPZW). 
Echinolampas zanoni, another small example of the "semiorbis morphotype" 
from the Lower Miocene of Cyrenaica, is distinguished by a more angular, 
often narrower, test and narrower poriferous zones in its petals (IPZW > 
75% PETW). More distinctive species to have been confused with 
Echinolampas semiorbis in the past include ^  hemisphaerica (e.g. by
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Palmer in Sanchez Roig, 1949), despite the letter's shorter and much 
more closed petals. Although some examples of the strictly Old World 
genus Conoclypus (e.g. marginatus, pilgrimi) superficially resemble E. 
semiorbis in test form and open petals, all are distinguished by lack of 
petal curvature and equal or subequal petal poriferous zones, better 
developed bourrelets, a longitudinally elongate periproct and, of 
course, auricles around the peristome internally.
Ecological Conclusions from Functional Morphology
High-arched test lacking anterior-posterior asymmetry, open subradially 
disposed petals and uniform sparsely packed aboral tuberculation suggest 
that Echinolampas semiorbis lived with most of its test emergent. The 
broadly rounded margins showing anterior-posterior variation in 
tuberculation pattern, with tubercles densely packed and having an 
upward/posterior areole enlargement ambitally and subambitally, suggest 
the species ploughed trough the sediment and was buried approximately to 
the top of the marginal zone and the base of the petals, as originally 
envisaged by Kier (1962, 1966c). Apparently lacking any aboral 
significant aboral defenses, it presumably relied on camouflage and/or 
inedibility for survival. Lacking manipulatory tube feet aborally and 
with a thin cover of short spines, the former is likely only if 
visibility in the animal's habitat was low, as for example in a seagrass 
bed. In any case the absence of complete predator borings in any known 
individuals strongly suggests the existence of a chemical defense, and 
is consistent with the frequent occurrence of irregular sunken areas 
bearing redeveloped tubercles, often interpretable as healed areas 
marking the sites of predator attack. Relatively large phyllodal pores, 
peristome and periproct suggest the possibility of feeding on relatively 
coarse sediment.
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ECHINOLAMPAS sp. a
Plate 96, figure 6;
Appendix H, frames 146-149
Diagnosis
Test large, length typically 53-97mm. Ambital online ovoidal, with 
maximum width 80-93% TLand 8% TL posterior. Lateral profile low to 
moderately domed; maximum height subcentral, 43-57% TL. Adorai surface 
slightly concave centrally with small subpentagonal peristome raised by 
c. 7% TH. Bourrelet development slight. Peristome transversely elongate, 
length 6-9% TL. Apical system 5-13% TL anterior with four large equal 
circular gonopores. Petals straight, very unequal. Length of posterior 
paired petals typically 40-52% TL, that of anterior paired petals 38-42% 
TL and that of petal II 30-38% TL. Petal width 22-38% petal length, 
typically a little lower in the posterior paired petals than in the 
others. Poriferous zones in posterior petals equal to subequal in 
length, with posterior 89-100% that of anterior; poriferous zones of 
anterior petals very unqual, with length of anterior 76-83% that of 
posterior, narrower and less curved; poriferous zones of petal III 
similar and subequal in length.
Discussion
Differing from Anguillan Echinolampas lycopersicus in much greater size, 
there being almost no overlap between them, typically higher test (with 
the mean of the Antiguan sample lying outside the absolute range of the 
Anguillan species), more even ambitus height and possibly poorer 
bourrelet development. Peristome and periproct both relatively smaller 
and all petals relatively longer, narrower, with more respiratory pores, 
than typical in Echinolampas lycopersicus, though overlapping slightly 
to moderately in total range.
Although the Antiguan and Anguillan populations are very closely 
related, actually or potentially overlapping in many individual 
characters, they are easily distinguished in both principal components 
and discriminant analysis and not considered to be synonymous forms 
herein. However, in view of the already overloaded taxonomy of 
Echinolampas, more than 20 poorly described species having been erected
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from Cuban Oligo-Miocene material alone, I hestitae to creat a new name 
for this form until more and better specimens become available from the 
Antigua Formation or I am able to examine potentially synonymous Cuban 
material such as Echinolampas carteginsis.
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Order SPATANGOIDA Claus, 1876 
Suborder HEMIASTERINA Fischer, 1966 
Family PALEOPNEUSTIDAE A. Agassiz, 1904
Genus PERICOSMUS L. Agassiz, 1847
PERICOSMUS BLANQUIZALENSIS Sanchez Roig, 1952c 
Plate 98, figures 1-3; text-figure 47 [part] 
Appendix H, frames 150-160
Diagnosis
Test size moderate (typically 50-80mm long), ambital outline cordiform, 
very broad (width 90-98% TL) with moderate frontal notch (depth 3.5-7% 
TL). Test profile domed, maximum height 33-40% TL, anterior ambitus low, 
less than 18% TH above test base. Peristome length 5-6% TL; posterior of 
test to lip of labrum 75-82% TL along interradial 5. Periproct 
transversely elongate. Apical system approximately 10% anterior. Petals 
subequal, moderately to slightly depressed, anteriors slightly curved 
anteriorly, posteriors straight; short, PETL 28-40% TL, 50-66% perradial 
length; narrow, PETW 14-22% PETL, with interporiferous zone of petal up 
to 25% petal width. Peripetalous fasciole incomplete, moderately and 
angularly indented between petals in lateral and posterior 
interambulacra, absent in ambulacrum III. Marginal fasciole distinctly 
subambital in paired interambulacra and anterior paired ambulacra.
Discussion
Species previously known only from incomplete Cuban holotype. Lack of 
variation in the new material from Tintamarre suggests Kier (1984) was 
correct in separating Pericosmus blanquizalensis from mortenseni on 
the basis of anterior groove and petal depth, the new specimens being 
even more distinct in these characters than the holotype, though not 
sufficiently so to justify cluttering the taxonomic record further. 
Although larger samples would be needed to prove this conclusively, 
these closely related taxa are distinguished at specific level herein. A 
more indented peripetalous fasciole and mainly supra-ambital marginal 
fasciole would also appear to distinguish it from mortenseni, as
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would a less transversely elongate peristome with a much less 
overhanging labrum, and a relatively shorter plastron with tuberculation 
nodes gently elevated. Of the other Caribbean Oligo-Miocene species 
accepted herein, Pericosmus aguayoi seems to be distinguished by its 
shallower and longer petals (petal length not less than 40% TL) with a 
wider interporiferous zone exceeding 25% petal width, Pericosmus 
camagueyanus by these characteristics and additionally an apical system 
always less than 5% TL anterior. Pericosmus stehlini differs in its 
longer and wider petals (PETL > 40% TL and 80% PERL; PETW > 25% PETL), 
and in its shallower frontal notch (END < 3.5% TL). The only known 
specimen of Pericosmus israelskyi differs in its greater size and height 
(TL 87mm; TH 55% TL) and its longer, curved, posterior petals (PETL >
42% TL). Finally, although individuals of the Eocene species Pericosmus 
atolladosae often fall within the range of ^  blanquizalensis as regards 
test and petal shape, the former is easily distinguished by the lower 
indentation of its peripetalous fasciole.
With the exception of those to Pericosmus mortenseni and ^  atolladosae, 
the closest systematic relationships of blanquizalensis seem to be 
with the European Eocene species ^  clarki, distinguishable by its 
entirely straight, more deeply sunken and slightly longer petals (PETL > 
66% PERL) and slightly higher, posteriorly more carinate test (TH > 42% 
TL). Amongst contemporary Old World forms, its greatest affinities are 
to Pericosmus latus, whose palaeogeographic range extends from Egypt and 
Austria to Madeira (Cottreau, 1913). While similar in petal form, this 
species can be distinguished by the stronger development of respiratory 
pores in its more deeply sunken petals, by its central or slightly 
posterior apical system, by its more irregular peripetalous fasciole, 
and by its higher test (TH 43-66% TL) with a typically less anterior 
peristome (POST-PST < 76% TL). Of other well-known Mediterranean 
Pericosmus species, airaghi is distinguished by straight highly sunken 
petals of which the posterior pair are much longer than the anterior, 
callosus by its narrower test and longer petals (TW < 85% TL; PETL > 75% 
PERL) and pedemontanus by its unembayed peripetalous fasciole.
Ecological Conclusions from Functional Morphology
In both Pericosmus blanquizalensis and ^  mortenseni, enlarged 
ambulacral pores beneath the periproct indicate the presence of
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well-developed subanal tube feet and suggest maintenance of a sanitary 
drain. This is supported by increased crowding of tubercles around two 
nodes below the periproct, indicating the existence of subanal spine 
tufts. Equally, however, both species typically lack enlarged pores 
aborally in ambulacrum III and are unlikely to have possessed 
funnel-building tube feet (pore enlargement in one aberrant individual 
of P. blanquizalensis apparently being related to respiratory needs).
The absence of enlarged tubercles adapically in the interambulacra is 
also consistent with the absence of an apical spine tuft. Together these 
adaptations suggest, at best, a shallow or partially burrowing mode of 
life. In the absence of a subanal fasciole, isolation of the sanitary 
drain is unlikely and flushing presumably heavily reliant on 
intrasediment currents, though aided by the thickened marginal fasciole. 
Such reliance would restrict the taxa to relatively well-sorted 
arenaceous sediments, a habitat consistent with the absence of deeply 
sunken petals. The presence of an indented peripetalous fasciole, 
thickened at the petal tips, suggests that natural flushing was 
sometimes indequate for exchange of the external respiratory medium; 
however, its incompleteness anteriorly and the relatively slight degree 
of thickening perradially suggest strong ciliary currents were 
unnecessary. This would be consistent with shallow burrowing beneath a 
low energy bottom composed of medium to fine, but fairly well-sorted 
sand. Apical notch development, with concentration of large, closely 
packed, adapically elongate tubercles at anterior ambitus suggests at 
least ploughing activity. This is supported by the upward component of 
areole enlargement on the lateral margins of the test and the 
posterolateral "excavatory" pattern of areole enlargement in tubercles 
of the lateral interambulacra adorally. However the broad relatively 
inflated test profile, lacking strong anterior/posterior asymmetry 
suggests very placid behaviour and little sediment resistance aborally. 
Maintenance of a high tuberculation density over the entire aboral 
surface, with tubercles decreasing in size posteriorly, suggest that the 
animals typically burrowed entirely below the sediment surface. However 
radial symmetry, and relatively large boss size of tubercles outside the 
peripetalous fasciole but posterolateral areole elongation within it, 
suggest that the urchins tried to avoid an undue buildup of sediments 
over the petals. Overall both species seem adapted to a shallow 
burrowing lifestyle within low energy sandy bottoms, with the top of the 
test covered only by a thin veneer of sediment.
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PERICQSMUS MORTENSENI (Sanchez Roig, 1952) 
Plate 98, figure 4; text-figure 47; 
Appendix H, frames 161-171
Diagnosis
Test broad, width 89-94% TL. Frontal notch absent or slight, depth
0-3.5% TL. Anterior ambitus 18-35% TH above base of test. Apical system 
5-15% anterior. Petals subequal, slightly depressed; anteriors straight 
or slightly curved anteriorly, posteriors straight; PETE 29-35% TL, 
54-70% PERL, PETW 16-22% PETL; maximum width of interporiferous zone 
15-30% PETW. Peripetalous fasciole incomplete, moderately and angularly 
indented between petals in lateral and posterior interambulacra, absent 
in ambulacrum III. Marginal fasciole ambital or subambital throughout.
Discussion
Although the Antiguan specimens assigned to this species sometimes 
differ marginally from the Cuban holotype (as noted in the above text), 
the deviation appears well within the range to be expected of a 
Pericosmus species, and their distinction would be unreasonable. As 
noted by Kier (1984), the species is very close to Pericosmus 
blanquizalensis; the reader is referred to the discussion of that 
species for comparisons to it and the distinctions the two share from 
other New and Old World species.
Ecological Conclusions from Functional Morphology 
As for Pericosmus blanquizalensis.
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Order SPATANGOIDA Claus, 1876 
Suborder HEMIASTERINA Fischer, 1966 
Family SCHIZASTERIDAE Lambert, 1905
Genus SCHIZASTER L.Agassiz, 1836
Test high, slightly to strongly wedge-shaped aborally, flat or slightly 
convex adorally. Strong posterior truncation, top of which overhangs 
periproct. Apical system ethmolytic with 2 or 4 gonopores. Ambulacra I, 
II, IV and V petaloid with single pores beyond petals. Petals sunken, 
anterior pair longer than posterior pair. Anterior ambulacrum lacking 
respiratory anisopores, but with well-developed isopores having large 
attachment area. Both peripetalous and lateroanal fascioles present.
Taxonomic Remarks
Although previous authors have distinguished the subgenera, Schizaster 
(Schizaster) and Schizaster (Paraster) on gonopore number or test shape, 
these features appear to be evolutionarily plastic and formal groupings 
based on them are rejected herein as polyphyletic. Indeed, gonopore 
number may even vary within a single population (McNamara & Philip,
1980), while test shape is too continuously variable to allow adequate 
distinction even of polyphyletic taxa (Challis, 1980; Kier, 1984). Of 
the other subgenera recognized by Fischer (1966), Tripylaster and 
Hypselaster would seem to be equally redundant, leaving Ova as the only 
subdivision based on an advanced character and likely to show taxonomic 
stability.
Schizaster has the dubious distinction of including more nominal species 
than any other spatangoid bar Hemiaster (which has a much longer 
stratigraphie range). Although the number of possible taxonomic 
characters in the genus is relatively large and superficial differences 
between individual specimens obvious, the systematics of the genus are 
highly confused. Many of the characters on which older diagnoses relied 
show a high degree of intrapopulation variation, even within a single 
sedimentary environment (see McNamara & Philip, 1980, and following 
species descriptions). Such variation is at least theoretically 
estimable from fossil samples, although it is rarely adequately 
described. In contrast, the extent of ecotypic variation is often
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difficult to judge objectively in the fossil record, though it seems 
likely to have been high; careful population studies of living species 
would undoubtedly help here, but few have ever been conducted. Finally, 
it is widely accepted that parallel evolution has occurred repeatedly 
and independently both in space and time (McNamara & Philip, 1980).
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SCHIZASTER CLEVEI Cotteau, 1875 
Plate 99; Appendix H, frames 172-176
Diagnosis
Test medium-sized, up to 56mm in length. Ambital outline broad and 
subcordiform (TW 78-110% TL; DEN 1-6% TL). Lateral profile wedge-shaped, 
with maximum height 53-83% TL and more than 20% TL posterior; posterior 
interambulacrum carinate aborally, slightly overhanging posterior 
truncation. Apical system with four gonopores, 3-15% TL posterior.
Length of posterior paired petals 16-28% TL, 40-77% PERL; width 35-43% 
PETL; poriferous zones developing subequally (each incorporating 13-18 
developed respiratory anisopores). Length of anterior petals 30-42% TL, 
59-68% PERL; width 17-36% PETL; poriferous zones developing unequally 
(posterior zone of each petal with 21-28 developed pores, anterior with 
20-23). All petals moderately sunken with base of petal rejoining rest 
of test surface by curving upwards terminally. Anterior ambulacrum wide 
and deeply sunken, maximum width 8-16% TL, depth 6-10% TL. Peristome not 
very anterior, posterior of test to anterior of labrum c_j_ 72% TL along 
interradial 5; plastron length c_^  43% TL. Periproct elongation slight, 
transverse. Track of peripetalous fasciole deflected ambitally or not in 
ambulacrum 111; distance from apex to inner edge of peripetalous 
fasciole 11-21% TL in lateral interambulacra, 14-26% TL in lA 5. 
Lateroanal fasciole deflected downwards in sharp V-shaped lobe below 
periproct. Zone naked of tuberculation adjacent to perradial suture 
immediately beyond each petal.
Discussion
Of the criteria used by Cotteau (1875) to distinguish Schizaster clevei 
from ^  loveni, some (e.g. posterior excentricity of the apical system) 
do not work even for the type material. Both these and the others used 
by subsequent authors to separate the species have equally proved, on 
numerical analysis, to lack the consistency required for this purpose 
(see Appendix H). In each case the supposed alternative states appear to 
represent the rare extremes of a continuous intergradation, and to lack 
consistent relationships to other supposed specific characters. On these 
grounds Schizaster clevei and ^  loveni are considered as conspecific 
herein, following indeed the early view of Guppy (1879) on this matter.
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Available populations of Schizaster clevei typically differ in many 
characters such as test height and plastron length from those of 
Antiguan Schizaster munozi, though normally overlapping in absolute 
range. Absolute separation in some fasciole characters, particularly 
distance from apex to inner edge of peripetalous fasciole in 
interambulacra (> 10.5% TL in lateral interambulacra of Schizaster 
clevei, < 10% in those of ^  munozi; > 14% TL in lA 5 of S^ clevei, <
14% in lA 5 of ^  munozi) and band thickness (minimum always > 1% TL
with more than 4 miliary tubercle rows in ^  clevei, < 1% TL with less
than 4 miliary rows in ^  munozi), apparently substantiates the validity 
of their systematic separation, though such charaters are notoriously 
plastic. Their very close relationship is certainly confirmed by the 
sharing of a rather unusual feature, the nakedness of the ambulacra 
perradially immediately beyond the petals. Final proof of either their 
distinctness or conspecificity will require the study of larger 
better-controlled populations than those available to the author, from a 
bigger range of geographic, stratigraphie and palaeoecological settings. 
Should sufficient overlap eventually be proven the species name would 
have to be clevei on the grounds of priority, despite its poorly 
preserved type material. For the moment this name is applied only to the
Anguillan representatives of Schizaster. Schizaster tampicoensis 
(Israelsky), based on Oligocene Mexican material originally referred to 
S. clevei, differs from the Anguillan species in the same manner as 
Schizaster munozi, to which Antiguan material previously recorded as 
clevei is also assigned. For distinctions from other neotropical and 
Mediterranean species see discussion of Schizaster munozi below.
Ecological Conclusions from Functional Morphology
As Schizaster munozi below.
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SCHIZASTER MUNOZI Sanchez Roig, 1949 
Plate 100; Appendix H, frames 177-187
Diagnosis
Test medium-sized, known specimens 33-77mm in length. Ambital outline 
subcordiform (depth frontal notch 2-8% TL) and broad (test width 90-106% 
TL). Lateral profile strongly wedge-shaped with maximum height 50-66% TL 
in uncrushed specimens and 70-78% TL behind anterior margin; posterior 
interambulacrum carinate aborally. Apical system with 4 gonopores, 
anteriors c^ 70% linear dimensions of posteriors; location of centre
1-13% TL posterior. Length of posterior petals 14-23% TL and 33-50%
PERL; width 31-43% PETL; with 11-18 developed zygopores per poriferous 
zone in mature individuals. Length of anterior petals 32-40% TL, 54-65% 
PERL; width 15-25% PETL; with poriferous zones developing unequally, 
24-29 developed anisopores in posterior poriferous zone and 20-21 in 
anterior. Anterior ambulacrum relatively wide, maximum width 8-18% TL, 
deeply sunken by 5-11% TL. Peristome not very anterior, posterior to 
anterior labrum c_^  72% TL, labral overhang c_^ 50% peristome length, 
peristome width 13-17% TL; plastron length 49-58% TL, combined width of 
sternals 33-39% TL. Periproct elongation slight, apparently transverse. 
Track of peripetalous fasciole deflected adambitally in ambulacrum 111; 
distance from apical system to inner edge of fasciole 6-11% TL in 
lateral interambulacra, 12-14% TL in lA 5. Lateroanal fasciole deflected 
sharply downwards in V-shaped lobe below periproct. Zone naked of 
tuberculation adjacent to perradial suture immediately beyond each 
petal.
Discussion
Kier (1984) considers Paraster tschopi Palmer, the previously described 
species closest to the Antiguan population described above, to be 
synonymous with Schizaster munozi Sanchez Roig, stating that the much 
more posterior peristome of the latter is a consequence of postmortem 
test distortion. Although the crushing seen in the holotype of Paraster 
tschopi has clearly had the opposite effect (see Kier, 1984, pi.21, 
figs. 2, 4), while the more posterior peristome is even more clearly 
seen in his illustration of the topotype, it remains likely that his 
view is correct. Large forms resembling the holotype of Schizaster
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munozi also occur in the Antigua Formation, typically in finer-grained 
matrices than the tschopi-like variant (see Plate 100, figure 4). While 
overlap in all characters cannot be proven for lack of sufficently large 
populations, it seems likely that the variation seen is either 
ontogenetic or, more probably, ecotypic.
The closest neotropical relative of Schizaster munozi appears to be S. 
tampicoensis (Israelsky) from contemporaneous Mexican strata; insofar as 
can be judged from published illustrations her species seems to be 
distinct in its very rounded profile, distally straighter petals and 
more anterior branching point for the separation of peripetalous and 
lateroanal fascioles. The other Mexican species that has been described, 
Schizaster dumblei, differs in its higher test (TH > 71% TL), wider 
peristome (PSTW c_j_ 20% TL), larger labrum and longer broader plastron 
(PLASTL Cj^ 60% TL ; PLASTW c_^  41% TL). While more closely related, the 
Anguillan form Schizaster clevei would also seem to be morphologically 
distinct, as discussed under that species above. Of the Cuban fossil 
Schizaster species decribed by Kier (1984), those accepted by the 
present author may be most easily distinguished on the grounds of 
consistently smaller and higher test (fernandezi), a narrower ambital 
outline (sanctamariae), longer and more divergent posterior petals 
(bathypetalus, cartegensis, gerthi), shorter and broader anterior petals 
(formelli), narrower anterior ambulacrum with very different numbers of 
enlarged pores (cartegensis, delgadoi, santanae), anterior ambulacrum 
much shallower (cubitabellae), two as opposed to four gonopores 
(camagueyensis, subcylindicus) or far coarser tuberculation 
(nuevitensis). Although the poorly preserved specimen of "Schizaster 
egozcuei" described by Kier (1984) is probably conspecific with S. 
munozi (its discernable characters falling within the range of the 
latter species), this does not constitute sufficient evidence to make 
munozi a junior synonym. Lambert’s species was erected without 
diagnosis, description or listed type material, and should for these 
reasons alone be suppressed; certainly the description does not relate 
to the specimen subsequently identified as egozcuei by Sanchez Roig. The 
Central American Oligo-Miocene species Schizaster cristatus is probably 
also conspecific with mumuozi; it would again make an unacceptable 
senior synonym however, the type material comprising only poorly 
preserved internal moulds whose detailed systematic relationships can 
never be proven. Kier’s grounds for maintaining S. llagunoi and S. 
rojasi as distinct from S. munozi also seem suspect, but not having
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examined specimens of these species I tentatively accept his judgement, 
distinguishing them by the possession of a more inflated area behind the 
apical system and less divergent posterior petals. Schizaster americanus 
and S. armiger, the eastern North American fossil species of the genus, 
the Central American form Sj_ panamensis and the Jamaican species S. 
bathypetalus and S_^  hexagonalis are all distinguished from munozi by 
their longer posterior petals, those of armiger, bathypetalus and 
hexagonalis being similar in length to the anteriors. The Central 
American Miocene species Schizaster scherzeri Gabb (1881) (synonym 
costaricensis Durham, 1961) and the Venezuelan specimens of S. eurynotus 
described by Jeannet (1928), are easily distinguished by the possession 
of only two gonopores, as well as a larger, higher and more angular test 
with a deeper frontal notch.
Of the vast number of nominal Schizaster species described from the 
Mediterranean, good resemblances to S. munozi are shown by S. baylei 
(distinguished by the base of its petals passing into the general test 
surface without an upward curve, and by very different phyllodal pores), 
S. desori (distinguished by far greater reduction of anterior genital 
pores), S. lovisatoi (distinguished by TW < 90% TL and and wider more 
sunken anterior ambulacrum with depth of frontal notch 7-11% TL), S. 
parkinsoni (distinguished by narrower anterior ambulacrum) and S. 
scillae (distinguished by anterior gonopores minute and longer posterior 
petals). Of these, the closest affinities of munozi would seem to be 
with S_^  desori, at least some specimens of which share with it the naked 
test zone perradially beyond each petal (see e.g. BMNH E.9292).
Ecological Conclusions from Functional Morphology
Crowding of enlarged non-respiratory pores in the sunken proximal part 
of ambulacrum III aborally is indicative of well-developed 
funnel-building tube feet. Together with the sunken petals, thin test, 
fine and densely packed aboral tuberculation and very wedge-shaped test 
profile, this is indicative of a protected and fully burrowing lifestyle 
within a fine grained sediment. The large size of the plastron and 
degree of areole elongation adorally suggest that matrix consistancy 
could be very firm.
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Genus AGASSIZIA Agassiz & Desor, 1847 
Generic Diagnosis
Test small to medium in size; highly inflated aborally, slightly convex 
adorally; lacking anterior notch; posterior truncation subvertical; very 
thin walled. Apical system ethmolytic with 4 gonopores. Only paired 
ambulacra petaloid; all petals flush or slightly depressed; anterior 
petals longer than posterior; respiratory pores of poriferous zones 11b 
and IVa considerably smaller than those of 11a and IVb respectively, or 
completely undeveloped. Frontal ambulacrum flush with pores microscopic. 
Peripetalous fasciole marginal anteriorly, but deflected sharply upwards 
at junction with lateroanal fasciole; lateroanal fasciole initially 
continuing same line as anterior section of peripetalous fasciole.
Taxonomic Remarks
Some previous authors, including Fischer (1966) have distinguished two 
separate subgenera of Agassizia, A. (Agassizia) and ^  (Anisaster), on 
the degree of respiratory pore development in the anterior poriferous 
zones of the anterior petals. Facultative partial development of a 
normally vestigial anterior poriferous zone, apparently in response to 
petal damage elsewhere, has been noted by the present author in 
Agassizia clevei (see below). This suggests total inhibition of pore 
development is not difficult to overcome and casts severe doubt on its 
usefulness as a criterion for formal supraspecific grouping. In 
consequence no formal subgeneric/supraspecific division of Agassizia is 
accepted herein. Cooke (1959) advocated description of the fasciole 
arrangement in Agassizia as marginal plus hemipetalous rather than 
peripetalous plus lateroanal, on the grounds that the lateroanal 
fasciole continues the line of the anterior peripetalous fasciole, with 
the posterior part of the latter deviating from the anterior at a high 
angle. Close examination reveals, however, that while the width of the 
peripetalous fasciole remains constant around the branching point, the 
lateroanal fasciole thins immediately before reaching it. In the light 
of this observation, and much other evidence for closer affinities of 
the genus to the Schizasteridae than the Paleopneustidae, to talk of a 
marginal fasciole is misleading.
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AGASSIZIA CLEVEI Cotteau, 1875 
Plate 101; text-figure 48; 
Appendix H, frames 188-206
Diagnosis
Test small and subglobose, largest known specimen 37mm in length but 
vast majority of individuals less than 25mm. Ambital outline ovate, TW 
typically c_j_ 89% TL. Highly inflated aborally, with TH 58-79% TL; adorai 
surface flat in longitudinal section and also transversely in front of 
labrum; plastron slightly and evenly convex in transverse section. 
Although anterior ambulacrum may be slightly depressed near apical 
system, no anterior notch developed at ambitus. Apical system distinctly 
posterior, 54-65% TL behind anterior margin of test. Paired ambulacra 
petaloid; posterior petals much shorter than anteriors, relative either 
to test length or perradial length (length of anteriors typically c_^ 45% 
TL, 67% perradial length; posteriors typically c.20% TL, 44% perradial 
length). Enlarged pores normally absent in anterior poriferous zone of 
anterior petals, but their posterior poriferous zones each with 18-20 
developed repiratory pore units in mature individuals.
Discussion
Following Jackson (1922) and Lambert (1922), Kier (1984) recognizes two 
species within Cotteau’s original material for Agassizia clevei, 
distinguishing them on the basis of apical system position. Since the 
difference is within the continuous range of the newly collected (and 
almost certainly monospecific) Anguillan sample, this separation 
requires critical reassessment. As implicitly recognized by Kier, 
overlap between the species this is even more obvious for the other 
supposed differences mentioned by Jackson (1922): relative test width, 
curvature of adorai surface, ambulacrum 111 depression, plastron 
swelling and divergence of anterior petals. Although the slight 
development of enlarged pore pairs distally in the petal poriferous 
zones 11b and IVa of Agassizia inflata seems to distinguish this species 
from clevei, differences in pore development within the latter 
species suggest that the difference may not genetically be great. Since 
1 have not myself had the time or resources to study morphological 
variation in populations previously assigned to Agassizia inflata (or
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10 mm
C
• ■■■ fasciole tracks
Figure 48
Fasciole t racks in Agassizia clevei . as seen in aboral, adorai, lateral  
and rear views (a - d  respectively) .  Drawn with the aid of a camera  
lucida from BMNH E.8 2 2 8 5
its subjective synonyms A. wilmingtonica and A. caobaensis), the result 
being in any case of subsidiary significance for the rest of this work,
I tentatively follow the above authors and exclude these species from 
the synonymy of ^  clevei. Agassizia regia Israelsky, based on specimens 
earlier referred to clevei by Dickerson & Kew (1917), was distinguished, 
without adequate illustration, on the sole grounds that it had "a much 
steeper lateroanal fasciole"; not having examined the type material in 
California, I tentatively follow Jackson (1937) in accepting this 
distinction, which seems to be confirmed by a more indented peripetalous 
fasciole and wider test. Regarding Agassizia eugeniae of Brito & Ramires
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(1974); if as their illustrations and descriptions suggest, its 
lateroanal fasciole has a horizontal section beneath the periproct, this 
would clearly distinguish it from ^  clevei. A similar lateroanal 
fasciole shape certainly distinguishes the American Late Miocene 
species, Agassizia porifera, though in this case it is confirmed by many 
more obvious features such as far greater size and more equal petals.
The Californian Eocene species Agassizia alta Clark, described in Grant 
& Hertlein (1938) is distinguished by its shorter petals and the clear 
development of respiratory pores in the anterior poriferous zones of its 
anterior petals.
Most Mediterranean fossil material assigned to Agassizia (e.g. A. 
sowerbyi) seems to be distinguished by a more central apical system, 
less than 4% TL posterior, additionally in some species (e.g. A. 
confusus, A. gibberula) by greater development of repiratory pores in 
petal poriferous zones Ilb and IVa. The closest Old World species to 
Agassizia clevei appears to be Agassizia cyrenaica of Desio (1929), 
described from the Miocene of Libya. The apical system of this species 
is often similarly posterior, though material used to illustrate it 
differs from typical Agassizia clevei in being higher (TH 81% TL in 
holotype of cyrenaic) and often narrower, with a more globose lateral 
profile and more deeply sunken ambulacra; firm confirmation of such 
distinctions will require statistical studies of a larger sample, with 
some morphological overlap a strong possibility. Agassizia algarbiensis 
of Da Viega Ferreira (1962), another Old World species with a posterior 
apical system, closely resembles ^  clevei in test form, but is easily 
distinguished by laterally curved posterior petals, and by far shorter 
anterior petals (PETL < 30% TL) with less than 14 respiratory pore units 
in each posterior poriferous zone.
The two extant species of Agassizia are distinguished from clevei by 
opposite extremes in petal development. The East Pacific geminate, A. 
scrobiculata, known from the Pliocene of Venezuela, is distinguished by 
a central or slightly anterior apical system and relatively longer 
posterior petals. The Caribbean geminate Agassizia excentrica differs in 
an even more excentric apical system and less well-developed posterior 
petals.
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Ecological Conclusions from Functional Morphology
Globose test indicative of a relatively deep burrowing, in contrast to 
high-domed/flat-botommed morphology characteristic of epifaunal 
echinoids and typically depressed form of shallow burrowers. This is 
consistent with the thin test, which suggests protection from extremes 
of physical stress, and the existence of enlarged tubercles, originally 
the bearers of cover spines, along the edges of the anterior ambulacrum. 
Flush or very slightly sunken petals with much greater development of 
posterior than anterior poriferous zones, suggests intrasediment 
currents were a significant factor in exchange of the external 
respiratory medium. Non-embayment of the peripetalous fasciole in the 
interambulacra, little widening of it near the petal tips, and its 
subambital path well beyond the ends of the anterior petals confirming 
that radial, fasciole-induced currents were significantly augmented by 
natural water flow. Presumably the urchin typically burrows into the 
intrasediment current, to which the fasciole enclosed respiratory 
capsule would then be subjected. Significant intrasediment currents are 
only possible in coarse well-sorted sand, a lithology consistent with 
the globose test, lack of anterior notch and relatively slight (possibly 
vestigial) development of fuunel-building tube feet. In conduction with 
the absence of a frontal notch and habitat, the large size of the 
phyllodal tube feet suggests selective feeding on coarse sediment.
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Order SPATANGOIDA Claus, 1876 
Suborder MICRASTERINA Fischer, 1966 
Family BRISSIDAE Gray, 1855
Genus BRISSUS Gray, 1825
Generic Diagnosis
Ambital outline ovoidal, anterior groove absent or very shallow. Apical 
system anterior, ethmolytic with 3 or 4 gonopores, the anteriors smaller 
than the posteriors with that of genital 2 sometimes atrophied. Paired 
ambulacra petaloid; all petals slightly or moderately depressed; 
anterior petals approximately transverse. Labrum very short, much wider 
than long, only slightly overhanging peristome.
Taxonomic Remarks
The generic diagnoses of previous authors have generally specified the 
existence of four gonopores, albeit of unequal size. As discussed below, 
the Anguillan species referred to this genus apparently possesses only 3 
gonopores, though these are fully developed. In view of the frequent 
reduction in size of gonopore 2 in more typical members of the genus, 
and the lack of other distinctive characters, the generic diagnosis has 
been extended to cover this variation. Should further material become 
available of this, or an immediately related species consistently 
lacking gonopore 2, it may be justifiable to erect a separate subgenus 
on the basis of this character; in the absence of any information on its 
intraspecific variation or evolutionary stability, this is not 
considered reasonable at the present time.
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BRISSUS EXIGUUS Cotteau, 1875 
Plate 102; text-figure 49; 
Appendix H, frames 207-210
Diagnosis
Test small, typically under 40mm long. Ambital outline apparently 
obovate in smaller specimens, becoming subovoidal and posteriorly 
truncate with increasing test size; narrow, maximum width 68-71% TL; 
anterior notch entirely absent, anterior ambulacrum nowhere 
distinguished from adjacent interambulacra topographically. Maximum test 
height Cj_ 53% TL, very posterior, over 80% TL behind anterior margin in 
largest specimen. Apical system with only 3 gonopores where known; 
located moderately anterior, centre 30-33% TL behind anterior margin. 
Peristome small, length c_^  9% TL and width c_^  16% TL, very anterior with 
posterior test to anterior labrum c_^  76% TL. Petals very unequal; length 
of anterior petals 19-26% TL (60-80% perradial length), that of 
posteriors 33-35% TL (50-66% perradial length); narrow, width of 
posterior petals 17-20% their length, that of anteriors 22-29%; 
interporiferous zones very narrow, not exceeding 10-20% maximum petal 
width.
Discussion
The existence of only 3 gonopores in this species is unusual, but does 
not in itself justify the creation of an entirely new genus. Many 
species of Brissus show reduction in size of the anterior gonopores, 
while particular atrophy of that on the madreporite is well-documented 
in some smaller species such as Brissus minutus (see Kier, 1984, 
fig.32). Cyclaster, the only common brissid genus with only 3 gonopores 
is entirely distinct in its broad, subovoidal ambital outline and 
subcentral, ethmophract, apical system. Of the two other brissid genera 
with 3 gonopores that have been described in the literature, the Recent 
tropical Atlantic form Anabrissus is distinct in lacking gonopore 3 
rather than gonopore 2, as well as in its rudimentary peripetalous 
fasciole (Mortensen, 1950; Fischer, 1966). Arcaechinus, known only from 
the Lower Eocene of Somaliland, lacks gonopore 2, but is also 
distinguished from Brissus and the Anguillan material by petals slightly 
divergent at their tips, a long narrow labrum (length > 15% TL; width Cj_
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5% TL), and broad periplastronal areas with a width 45% that of the 
plastron (see Kier, 1957).
Brissus exiguus has generally been dismissed without serious comparison 
and discussion either on the grounds that it is known only from juvenile 
material (Hawkins, 1924; Challis, 1980), on because the known specimens 
are deformed (Kier, 1984, p.81). Although the former view may have some 
justification as regards the very rounded holotype (despite its 
well-developed gonopores), it cannot be defended for the larger 
Anguillan specimen referred to the species. For this reason, and because 
the holotype has already been unusually well-figured by Jackson (1922), 
the latter specimen is illustrated herein. Although less perfect than 
the holotype, even the distortion in this specimen is minor and easily 
discernable, providing no reasonable grounds for Kier's refusal to 
discuss it.
One of the neotropical taxa most closely related to Brissus exiguus 
seems to be the Late Eocene species Brissus camagueyensis of Weisbord 
(1934), which appears to differ significantly only in its higher, 
somewhat wider test (TH > 60% TL; TW > 75% TL), more indented 
peripetalous fasciole and possession of four gonopores. Even closer is 
the widepread Pleistocene to Recent species Brissus unicolor, though 
still differing in its wider ambital outline (TW > 75% TL), possession 
of sharp reentrants where its peripetalous faciole crosses lA 2a and 3b, 
and gonopore number, as well as in its more rounded lateral profile and 
more posterior peristome (POST-PST < 73% TL). The only remaining 
neotropical species to resemble Brissus exiguus is ^  minutus, described 
from a single mid-Cenozoic specimen of Cuban origin. While significant 
shared characters of these two taxa include very small size, particular 
atrophy of gonopore 2, particularly narrow interporiferous zone to 
petals, and short, broad labral and sternal plates, B. exiguus appears 
to be distinguished by the total absence of gonopore 2, a smaller more 
anterior peristome and a lower, more wedge-shaped profile. Other 
neotropical taxa such as Brissus cabrerai, B. caobaense, B. durhami, B. 
glenni and ^  kewi are easily distinguished by a far larger and wider 
test (TL > 50mm; TW > 75% TL), apical system more anterior and anterior 
petals recurved posteriorly. Amid Old World material, the most closely 
related forms appear to be Brissus bastiae, B. oblongus and B. 
subcylindricus, all distinguishable by the possession of a more anterior 
apical system with 4 gonopores, a wider test and a peripetalous fasciole
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more indented in the lateral ambulacra. Of the three subcylindricus, of 
which the type for Agassiz’ own cast was examined in Lyon, is marginally 
closest to exiguus in its tuberculation pattern, more curved anterior 
petals and more wedge-shaped profile. Although Challis (1980) implied 
that Brissus exiguus was close to ^  gregoryi the species are easily 
distinguished by the latter’s larger, wider and higher test (TL 44-83mm, 
TW 78-92% TL, TH 26-52% TL), as well as by much smaller petals and a 
narrower peripetalous fasciole of a different shape anteriorly. Other 
Tethyan species, such as Brissus latidunenesis, seem easily to be 
distinguished by the possession of more indented peripetalous fascioles.
Ecological Conclusions from Functional Morphology
Elongate ambital outline, wedge-shaped longitudinal profile, posterior 
interambulacrum keeled adorally, maximal tubercle enlargement on 
anterior margin and development of both peripetalous and subanal 
fascioles all point to an actively and fully-burrowing lifestyle. The 
absence of enlarged pores in the anterior ambulacrum suggests 
restriction to relatively coarse sediments and/or shallow depths. A 
coarse sediment habitat is also suggested by shallow depression of the 
petals, transverse orientation of the anterior pair, lesser development 
of the anterior than the posterior poriferous zone in the anterior 
petals, and slight rather than deep embayment of the peripetalous 
fasciole, all of which indicate the importance of natural intrasediment 
currents in exchange of the external respiratory medium. Moderate or 
deep burial is suggested by carinate nature of the posterior 
interambulacrum aborally, with the maximum height well behind the apical 
system; elevation of this region to or above the sediment surface would 
seem to serve no useful purpose and leave the animal unecesaarily open 
to predation. Also by the occurrence of large densely-packed tubercles 
with large bosses adapically within the peripetalous fasciole; these 
presumably supported an apical spine tuft, which would serve little 
purpose unless the animal burrowed under at least several millimetres of 
sediment. Slightly forward facing peristome (due to elevation of test 
base behind overhanging labrum), in the absence of an anterior groove, 
suggesting sediment feeding at least partly from the level of burial.
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L_--------------------------------- 1
— inferred fasciole track  
observed fasciole track  
a aboral view 
b right side view 
c rear view
Figure 49
Fasciole tracks in Brissus exiguus. based on paratype USNM 115 378
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Genus BRISSQPSIS L. Agassiz, 1847 
Generic Diagnosis
Test small to large, moderately elongate, variably inflated, with 
moderate anterior notch. Apical system subcentral, ethmolytic with 2 to 
4 gonopores. Only paired ambulacra petaloid, all petals subequal in 
length, slightly to moderately depressed, proximally confluent in some 
species; respiratory pore development normally beginning more proximally 
and completed much more rapidly in one poriferous zone of petal than the 
other, even where no confluence is developed. Labrum normally wider than 
long. Episternal plates almost 50% length of sternal plates.
Peripetalous and subanal fascioles present in all species, the latter 
with anal branches in some.
Taxonomic Remarks
Species displaying proximal confluence of the posterior petals have 
sometimes been referred to a separate genus (or occasionally subgenus), 
Kleinia. Development of the confluence during allometric growth of 
Brissopsis antillarum (described below) confirms evidence from the range 
of adult morphologies that this character does not adequately define a 
monophyletic grouping of species. For these reasons it is rejected by 
the present author, as it has been by most recent students of the genus 
(e.g. Chesher, 1968a, Challis, 1980, Kier, 1984). For a basic synonymy 
of the genus, see Fischer (1966); a more complete synonymy may also 
include Verbeekia Frisch, a poorly known form classified by Fischer with 
the Loveniidae.
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BRISSOPSIS ANTILLARUM Cotteau, 1875 
Plates 103, 104; text-figure 50; 
Appendix H, frames 211-219
Diagnosis
Test small to moderate, known material up to 62mm TL. Ambital outline 
subcordiform, posteriorly truncate; test relatively broad, maximum width 
75-88% TL, subcentral, 0-5% TL anterior; anterior ambulacrum moderately 
sunken aborally, slightly shallowing to anterior notch 1.8-5.3% TL deep 
and rapidly disappearing adorally before peristome is reached. Lateral 
profile wedge-shaped, test height 39-55% TL, 62-78% TL behind anterior 
margin. Apical system ethmolytic with 4 gonopores, slightly anterior 
(centre by 2-10% TL). Peristome small, length typically c_^_ 11% TL and 
width c_^  17% TL in fully developed specimens; labral overhang slight, c_^  
15% peristome length in largest specimens, negligible in juveniles; 
moderately anterior, posterior test to anterior labrum 59-73% TL. 
Periproct inframarginal at top of posterior truncation, subcircular, 
diameter 11-17% TL. Petals moderate in length, anteriors straight, 
slightly shorter than posteriors, which are confluent posteriorly, 
curving adlaterally towards their tips; IPA II/IV 100-115°, except in 
juveniles where it may be as low as 90°. Length anterior petals 23-30%
TL (52-68% perradial length); length posterior petals 18-39% TL (42-60% 
perradial length); wide ranges in relative petal length due to 
allometric development, particularly lengthening of posterior petals far 
faster than anteriors or test. In all petals, admedial poriferous zones 
developing faster than lateral ones. Labrum length 9-17% TL, apparently 
shorter in juveniles. Length of sternals 32-38% TL, combined width c_^
25% TL in adults; periplastronal areas wide, 50-60% maximum plastron 
width.
Discussion
Lambert’s numerous synonyms are at least partially ascribable to 
non-recognition of developmental allometry, particularly in the degree 
of posterior petal confluence. The sedimentary matrix of his supposed 
Pliocene Brissopsis atlantica is a typical Anguilla Formation limestone, 
and the rather poor specimens fall within the range of Brissopsis 
antillarum rather than that of atlantica (see below). His generic
- 316 -
assignment of two other specimens to Metalia is inconsistent with the 
the lobate nature of their subanal fascioles lacking anal branches, the 
greater length of their plastrons, and the width of their periplastronal 
areas.
Among known neotropical Brissopsis species, both fossil and Recent, only 
Brissopsis steinhatchee from the Late Eocene of Florida and the Costa 
Rican Late Miocene "Brissopsis n.sp." of Durham (1961) share with 
Brissopsis antillarum straight anterior petals at an angle to each other 
that exceeds 90° in mature adults. Both can be distinguished from 
Brissopsis antillarum by more anterior apical system and peristome, the 
latter additionally displaying a larger size and narrower, more sunken, 
more confluent posterior petals. The extant Caribbean species Brissopsis 
atlantica can also approach this arrangement, and indeed the fasciole 
form of antillarum, but only in sexually immature material (see 
Chesher, 1968, Plate 10, fig. a); even in such cases the taxon can be 
distinguished by the absence of clearly inflated nodes on the plastron 
and a more anterior peristome. Most Mediterranean species of Brissopsis 
are distinguished from ^  antillarum by non-confluent posterior petals 
and anterior petals diverging at angles less than 100*; other useful 
distinctions are a subcentral or even posterior apical system (as in 
bofilli and sardicus), gross diferences of petal length (as in elegans 
and lyrifera) and greater indentation of the peripetalous fasciole (as 
in frassi). One of the few not to differ on any of these counts is the 
Maltese form Brissopsis crescenticus, which can nevertheless be 
distinguished by its slightly broader test (TW 88-92% TL), its only 
slightly inflated plastron, and the lateral curvature of its anterior 
petals, the lateral poriferous zones of which form an almost continuous 
crescent with those of the posterior petals (much as in the contemporary 
Cuban species ^  aguayoi and in Recent Brissopsis pacifica). Brissopsis 
ducei, the other Maltese representative of the genus and the one 
actually compared to antillarum by Challis (1980), is even more 
obviously distinct in its far broader test (TW 96-104% TL), its more 
wedge-shaped profile and its straight non-confluent posterior petals 
shorter than its anterior petals.
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Ecological Information from Functional Morphology
Wedge-shaped test, strong development of keel and carina in lA 5, and 
sunken petals well-protected by cover-spines are indicative of an 
active, fully-burrowing lifestyle. Many enlarged pores in anterior 
ambulacrum, complete peripetalous fasciole and adapical increase in 
tubercle size, suggest that Brissopsis antillarum could maintain an open 
apical funnel even at depth and need not have relied on natural 
intrasediment currents for exchange of the external respiratory medium. 
The broad subanal fasciole and well-developed tuberculation for subanal 
spine tufts suggests it could also maintain an effective sanitary canal 
where water flow in the sediment was absent. Additionally the fine 
densely packed aboral tuberculation mid-interambulacrally is consistent 
with burrowing in relatively fine sediment. In contrast, the confluence 
of the posterior petals and the non-radial very unequal development of 
the poriferous zones in all petals represent adaptations to the usage of 
intrasediment currents and therefore coarser, better sorted sediments. 
The animal is thus likely to have been fairly versatile as regards 
substrate grainsize. Peristome facing vertically downwards from flush or 
slightly and evenly depressed adorai surface, and associated with 
phyllodes equally well-developed in all ambulacra, suggests that the 
echinoid selectively ingested sedimentary particles from within the 
substrate. Lack of reliance on material collected from the sediment 
surface may also be indicated by the existence of a distinct sill in 
ambulacrum III just before reaching the peripetalous fasciole, with the 
anterior notch shallow and the ambulacrum flush adorally.
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2 0  mm
j
fasciole track
Figure 50
Fasciole tracks in Brissopsis antillarum. based on holotype 
USNM 214 174a
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BRISSOPSIS sp. a (cf. B. JIMENOI Cotteau, 1881)
Plate 105; Appendix H, frames 220-223
Diagnosis of Brissopsis jimenoi (based on Cuban material)
Test large, probably up to 100mm in length, but very thin, thickness < 
0.5mm. Ambital outline suboval, slightly truncate anteriorly and 
posteriorly; fairly narrow, maximum width 60-75% TL, slightly to 
moderately anterior; anterior notch c_^  2% TL deep. Anterior ambulacrum 
moderately sunken aborally. Lateral profile low, maximum test height 
23-30% TL, very posterior, c_j_ 90% TL behind anterior margin. Apical 
system subcentral, slightly anterior, ethmolytic with 4 gonopores. 
Peristome large, moderately anterior, centre 27-32% TL from anterior 
margin of test; almost semicicrular, labrum overhang c^ 25% peristome 
length. Periproct inframarginal on subvertical posterior truncation. 
Apical system subcentral. Petals relatively short; length of posteriors 
c. 23% TL, less than 50% perradial length; length of anteriors c_^  27%
TL, c_^  64% perradial length; both anterior and posterior petals curved 
laterally and narrow with maximum width 11-23% petal length. Admedial 
poriferous zones developing more slowly than lateral ones; posterior 
petals in confluent groove for at least proximal 30% of petal length; 
lateral poriferous zones of posterior and anterior petals almost forming 
a smooth arc. Plastron narrow; composed both of sternals and 
episternals, total length 51-54% TL, maximum combined width lying across 
episternals, 31-32% TL. Posterior extension of labrum 6.6-8.4% TL, of 
sternals 35-41% TL; periplastronal area wide, width 54-59% combined 
width of sternals.
Discussion
Kier (1984) has admirably figured the earliest specimen of Brissopsis 
jimenoi to be described, an internal cast from Cuba, obviating the need 
for its reillustration here. This specimen lacks many taxonomically 
important features such as fasciole and tuberculation, with others, such 
as petal width, probably show systematic differences from the normally 
quoted external measurements. As a consequence, firm assignment to the 
species of additional material from outside the type area is difficult. 
Because the illustrated Antiguan specimens are themselves rather 
fragmentary, and appear to show some minor differences from the holotype
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of jimenoi, their conspecificity cannot be confirmed until further 
material becomes available. They are referred to herein only as 
Brissopsis sp.
Brissopsis sp ^  and ^  jimenoi are easily distinguished from all other 
Caribbean fossil species on size alone, none of the latter exceeding 
68mm TL and most reaching maturity at < 40mm TL. Their Cuban 
contemporary Brissopsis aguayoi is also considerably wider and higher 
(TW > 85% TL; TH > 40% TL), in addition to possessing a strongly 
anterior apical system and shorter anterior petals (PETL < 25% TL). The 
closest American forms appear to be the Late Eocene specimen assigned by 
Cooke (1959) to Brissopsis biarritzensis and the mid-Oligocene form B. 
blanpiedi. In both these taxa the apical system is also subcentral, IPA 
11/lV is less than 90° and the posterior petals are subequal to or 
shorter than the anteriors. However, in addition to test size, they can 
both be distinguished from Brissopsis jimenoi and ^  sp. a by their 
greater height (TH > 40% TL), biarritzensis also having PETW > 35% PETL, 
and blanpiedi differing in that its posterior petals do not lie in a 
confluent groove proximally. All Mediterranean fossil species and the 
extant representatives of the genus seem to be distinguishable on at 
least one of the same grounds.
Ecological Conclusions from Functional Morphology
Existence of crowded enlarged pores in sunken anterior interambulacrum 
indicating a well-developed assembly of funnel-building tube feet, such 
as is necessary for moderate to deep burrowing in fine-grained 
sediments. Very thin, low, wedge-shaped, keeled and carinate test 
confirm burrowing depth. Thoroughly non-radial petal arrangement with 
uneven poriferous zone development suggest natural intrasubstrate 
currents were often important in exchange of the external respiratory 
medium, a characteristic of relatively coarse well-sorted sediments. 
Preferred substrate of calcarenitic grade also consistent with shallow 
anterior notch, large peristome opening vertical downwards within 
pseudobourrelets with few but large phyllodal pores. All the later 
adaptations indicate selective feeding on large sedimentary particles, 
rather than mucus-rope, surface debris, or sediment-shovelling modes.
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Genus EUPATAGUS A,Agassiz, 1847 
Generic Diagnosis
Test moderate to large, elongate, low, anterior notch absent to 
moderate. Apical system typically anterior, rarely subcentral, 
ethmolytic with 4 gonopores. Only paired ambulacra petaloid; petals 
large, closed with interporiferous zones narrow relative to petal width. 
Frontal ambulacrum flush or almost so, with minute pore units. 
Peripetalous and subanal fascioles present, former normally unindented, 
latter not bilobate. Large primary tubercles on adorai surface developed 
only within peripetalous fasciole.
Summary of Generic Synonymy
Eupatagus L. Agassiz, 1847; Pseudopatagus Pomel, 1885;
Heterospatangus Fourtau, 1905; Euspatangus Cotteau, 1869; 
Gymnopatagus Doderlein, 1901; Perispatangus Fourteau, 1905; 
Koilospatangus Lambert, 1906; Herreraster Sanchez Roig, 1951 
Zanolettiaster Sanchez Roig, 1952; Megapatagus Sanchez Roig, 1953; 
Neopatagus Sanchez Roig, 1953
Additionally specimens often referred by some authors, notably Lambert, 
to the poorly defined and doubtful genus Brissoides Leske, 1778.
Taxonomic Remarks
Fischer’s (1966) diagnosis indicating a flat adorai surface and ovoidal 
outline is misleading. Ambital outline in Eupatagus is very variable and 
its plastron is often highly inflated posteriorly. His formal subgeneric 
subdivision into ^  (Eupatagus) and E^ (Gymnopatagus) on the basis of 
anterior notch depth cannot be accepted here in view of the large number 
of intermediate species (admitted by Fischer himself) and the almost 
certainly polyphyletic nature of such a grouping.
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EUPATAGUS CUBENSIS (Cotteau, 1881) 
Plates 106-108;
Appendix H, frames 234-237
Diagnosis
Test large, typically 70-110mm in length, Ambital outline pear-shaped, 
attenuated then truncated posteriorly, TW 70-95% TL; frontal notch 
slight or absent, depth < 1.5% TL, anterior ambulacrum flush 
subambitally. Lateral profile very depressed; test height 19-28% TL. 
Posterior truncation overhanging, truncation angle 50-70°, rhomboidal, 
strongly elongate transversely, concave. Posterior interambulacrum 
slightly to strongly subcarinate aborally, plastron strongly keeled; 
other interambulacra uninflated. Petals flush. Peristome semioval with 
labral overhang negligible, location only moderately anterior, posterior 
of test to anterior tip of labrum 67-70% TL. Apical system strongly 
anterior, centre by 11-19% TL. Petals very variable in length, but 
anteriors always 70-85% size of posteriors and exceeding 31% TL (57% 
perradial length), slightly to strongly attenuated and curving 
anteriorly at their tips. Maximum petal width 19-38% petal length, of 
which interporiferous zone constitutes 53-70% at its maximum, before its 
substantial closure distally. Poriferous zones depressed, subequal in 
length within each petal, but developing unequally; respiratory pore 
units are strongly conjugate isopores. Anterior ambulacrum lacking 
enlarged pores adapically. Phyllodes composed of a few very large pores 
immediately adjacent to the peristome, 3 or 4 in each poriferous zone. 
Labrum extremely long and narrow, length 19-20% TL, width 23-31% its 
length. Plastron strongly inflated, keeled with keel crest rising to 
apex posteriorly; length of sternals along interradial 5 33-37% TL; 
width of periplastronal area moderate, c^ 55% that of plastron. 
Peripetalous fasciole encloing whole of petals, unindented; narrow with 
maximum width of fasciole track c_j_ 0.5% TL; sometimes interupted in 
front of anterior petals. Subanal fasciole enclosing triangular area 
between plastron apex and posterior truncation; width of fasciole track 
constant and broad, c_j_ 1.2% TL. Very enlarged, scribiculate, partially 
sunken primary tubercles developed only within paired interambulacra 
aborally, in a single transverse row on each plate and not projecting as 
camellae on interior of test.
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Discussion
The extensive synonymy of this taxon reflects a wide infraspecific 
variation in the characters habitually preferred by earlier authors for 
species discrimination. Astoundingly, between them Lambert and Sanchez 
Roig saw fit to describe no less than thirteen junior synonyms from the 
same horizon and locality (see Appendix H). Eupatagus sanchezi, though 
accepted as a separate species by Kier (1984), is known from a single 
poorly preserved specimen of similar age, which appears from its small 
size and lack of gonopores to be no more than a juvenile of cubensis. 
Among other neotropical congeners it slightly resembles Eupatagus 
antillarum, known from the Middle Eocene of St Barthélémy and the Late 
Eocene of Florida. Although this taxon displays a similar petal form and 
also possesses partially-sunken enlarged tubercles within its 
peripetalous fasciole in interambulacra 1-4, it is distinguished by its 
consistently smaller and higher test (TL < 60mm; TH > 40% TL), its less 
attenuate ambital outline leading to a wider posterior truncation, and 
the presence of some slightly enlarged tubercles in lA 5. Its 
contemporaries and close relatives (if not synonyms) attenuatus, 
carolinensis, defectus, gardnerae and ocalanus, can all be similarly 
distinguished from cubensis, additionally showing less enlargement of 
the aboral tubercles. Other neotropical species (alabamensis, alatus, 
aloysii, clevei, depressus (Sanchez Roig), grandiflorus, santanae, 
stevensi and turibacoensis) are easily distinguished from cubensis by 
their higher more globose tests lacking a strong inflated plastron, and 
by the absence of sunken tubercles aborally. "Eupatagus cubensis 
(Cotteau)" of Jackson (1922) was based on Cotteau’s "Macropneustes 
cubensis" not on his "Breynia cubensis", and like a number of other 
Caribbean species earlier assigned to Eupatagus (e.g. elegans, hildae, 
longipetalus and vaughani), belongs in fact to Antillaster.
Eupatagus dekonincki from the Globigerina Limestone of Malta shares with 
E. cubensis very large sunken tubercles aborally and a clear ventral 
keel but is easily distinguished by its smaller, higher and typically 
wider test (TL < 60mm; TH 42-58% TL; TW 88-92% TL). In addition the 
number of enlarged tubercles aborally is smaller than in cubensis, 
rarely exceeding 12 in the lateral interambulacra with occasional 
examples developed in lA 5. Though closer on these grounds, as on 
overall test form, Eupatagus aff. meslei of Rose (1966) seems also to be 
distinguished by shorter petals, as does ^  ornatus. The Lower Miocene
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East African form Eupatagus hollisi is perhaps the closest contemporary 
Old World species to cubensis in petal form and tuberculation, but is 
invariably smaller and higher (TL 30-75mm; TH > 33% TL), with the 
anterior ambulacrum sunken subambitally. Of the many other species 
examined, only the Eocene forms Eupatagus oppenheimi and E. formosus 
possess a relatively depressed test with a well-developed rhomboidal 
section posteriorly and enlarged tubercles in the lateral and anterior 
interambulacra only. A specimen of the former examined in the Cotteau 
collection at Lyon differed in small size and relatively shorter petals 
(TL 36.68mm; PETL V 31% TL; PETL IV 22% TL). Although individual 
specimens of the latter can often be distinguished by the presence of 
enlarged tubercles in lA 5 aborally or on the basis of petal characters, 
the species as a whole is most consistently distinct in its higher test 
(TH > 35% TL).
Ecological Conclusions from Functional Morphology
The absence of enlarged pores abapically within ambulacrum III, or of an 
apical spine tuft, indicates that Eupatagus cubensis was entirely unable 
to maintain a respiratory funnel to the surface. Anteroposterior test 
elongation, bilateral symmetry of petal disposition with unequal 
development of anterior and posterior poriferous zones, strong adorai 
keeling of plastron and development of broad subanal fasciole enclosing 
subanal tube feet strongly suggest a burrowing mode of life with 
complete burial almost inevitable because of the very depressed test. 
Both this latter feature and the development of large aboral primaries 
(whether for defense or test-righting; see Ferber, 1976), indicate 
burial was very shallow. The incomplete and unindented peripetalous 
faciole, like the flush petals with unequally developed poriferous 
zones, indicate heavy reliance on natural intrasediment currents for 
exchange of the external respiratory medium, which is possible only in 
well-sorted sands. The flush anterior ambulacrum, large semioval 
peristome far from the anterior border of the test, and the very large 
pores for phyllodal tube feet suggest selective feeding on large 
sedimentary particles originally within the substate.
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Genus MEQMA Gray, 1851 
Generic Diagnosis
Test size moderate to large, anterior ambulacrum deepening to slight or 
moderate anterior notch but with adapical pore enlargement negligible or 
slight. Periproct marginal or inframarginal. Petals narrow and sunken. 
Labrum short, not extending past first plate of adjacent ambulacra. 
Sternal plates broad, episternals large. Peripetalous fasciole embayed 
within all interambulacra, entirely enclosing enlarged "primary" 
tubercles. Subanal fasciole bilobate.
Summary of Generic Synonymy
Meoma Gray, 1851; Rhyssobrissus Agassiz, 1863; Hemibrissus Pomel, 
1869; ?Schizobrissus Pomel, 1869; Peripneustes Cotteau, 1875; 
not Plethotaenia H.L. Clark, 1917; Rojasia Sanchez Roig, 1951.
Taxonomic Remarks
Generic diagnosis and synonymy modified slightly after Fischer (1966). 
Rejection of Plethotaenia as a subgenus of Meoma follows the arguments 
of Chesher (1968a). Fischer's formal inclusion of Schizobrissus within 
the synonymy of Meoma is only accepted tentatively in view of its poorly 
preserved genotype (Chesher, 1970; Henderson, 1975); certainly most 
species referred to it in the past should be assigned to Meoma, precise 
depth of anterior notch not being a stable generic character. Although 
Rojasia has been accepted by all previous authors, the unique type 
specimen is very poorly preserved and lacks sufficient characters to 
distinguish it from Meoma; indeed the genotypic species, Rojasia rojasi, 
is herein regarded as a probable synonym of Meoma antillarum, sharing 
the same peripetalous fasciole shape and the same specialized pattern of 
enlarged fasciole disposition within it. Macropneustes, to which both 
the Caribbean species discussed herein were long assigned, is 
distinguished by the moderately wide interporiferous zones of its more 
shallowly sunken petals, and by its unindented or little indented 
peripetalous fasciole (Chesher, 1970). Cooke (1959) resurrected 
Cotteau's genus Peripneustes for the Caribbean fossil species discussed
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herein, but provided no valid criteria for distinguishing it from Meoma, 
of which it has been considered a synonym by all subsequent authors.
MEOMA ANTILLARUM (Cotteau, 1875)
Plate 109; text-figure 51;
Appendix H, frames 238-239
Diagnosis (based on holotype)
Test large, sometimes exceeding 110mm in length; broad with maximum test 
width c_j_ 85% TL, subcentral 5% posterior; high, height typically 
35-50% TL, moderately anterior by c^ 9% TL. Peristome short and wide, 
length c_j_ 3.8% TL, width c_j_ 19% TL; posterior test to anterior labrum c_^  
79% TL. Apical system anterior, centre 35% TL or less behind anterior 
margin. Petals long and narrow, anteriors extending almost to the 
margin, length c_j_ 44% TL, width c_^  7.3% TL; posteriors extending c_^  80% 
of distance to margin, length 51% TL, width c_^  7.3 % TL. Interporiferous 
zone width c_j_ 20% petal width. Peripetalous fasciole very narrow, width 
c. 1.4% TL, showing distinct asymmetric angular deflection in each 
interambulacral plate column. Subanal fasciole reniform. Enlarged 
tubercles within peripetalous fasciole arranged on each plate in a 
single linear series paralleling the upper plate boundary.
Discussion
As noted by Kier (1984) conspecificity between Cotteau's figured Cuban 
cotype, chosen by him as the lectotype, and between the Lesser Antillean 
cotype illustrated by Jackson (1922), is impossible to prove because of 
the letter's poor preservation. Equally, however, Lambert (in Sanchez 
Roig, 1926) was overhasty in making it the holotype of his new species 
Schizobrissus jacksoni, and it is tentatively included in the synonymy 
of Meoma antillarum here. I have not seen the poorly preserved holotypes 
of the many Jamaican species erected by Arnold & Clark (1927, 1934), but 
with the possible exception of the small taxon Meoma? parvus (TL 
17-23mm), can find in their woefully indaequate illustrations and 
descriptions no basis for separation of these forms from antillarum.
The co-occurrence of Meoma antillarum and clevei within the Miocene
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Anguilla Formation again raises the question of their possible 
conspecificity, first noted by Cooke (1959). Although at first sight 
they are quite distinct (Kier, 1984) and maintained as separate species 
herein, many detailed characters such as fasciole path and tuberculation 
pattern suggest that their systematic relationship was very close (see 
discussion of clevei below). If at some later stage overlap in size and 
shape could be demonstated, the extended range of intraspecific 
variation would also allow inclusion of Meoma? brodermanni (Sanchez 
Roig), Meoma dubius (Israelsky) and Meoma? gomezmazae (Sanchez Roig) and 
perhaps Meoma kewi Durham, all of which have been meaningfully 
distinguished by previous authors only on slight differences in test 
breadth, petal length and petal curvature. The only known specimen of 
Rojasia, well-illustrated by Kier (1984), seems to be indistinguishable 
from the lectotype of Meoma antillarum, except by the somewhat greater 
depth of its anterior notch. Within the genus Meoma this character 
difference is often dubious even for specific discrimination where only 
single individuals are available; it is certainly inadequate ground for 
the maintenance of a separate genus. A specimen in the Lambert 
Collection (LAMB 1.201) that is apparently nonspecific with the holotype 
Rojasia rojasi, but better preserved, can be clearly assigned to Meoma.
The close relationship of Meoma antillarum to the Recent species M. 
frangibilis and M_^  ventricosa has been discussed in detail by Chesher 
(1970) and need not be reiterated here, except perhaps to point out the 
synapomorphy represented by the linear arrangement of enlarged aboral 
tubercles.
Considering the apparent Eocene to Miocene range of Meoma antillarum it 
is not surprising that fragments of a large spatangoid closely 
resembling it, if not actually conspecific, are known from the Antigua 
Formation. These include material identified by Brown (1913) as Metalia 
sp. and illustrated in text-figure 51, as well as larger but more poorly 
preserved fragments collected by the author (Plate 109, figure 2). 
Although the identification of this material is not strictly possible 
beyond ordinal level, large test size, narrow petals and the distinctive 
tuberculation pattern all point to conspecificity with Meoma antillarum.
Among the Old World species of Meoma examined by the author, the nearest 
to Meoma antillarum was the Maltese Upper Miocene form ^  latus. While 
closely comparable in fasciole form and not distinguishable by rounded
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petal terminations or a shallower frontal notch, it can be separated on 
the grounds of shorter petals (PETL < 35% TL, < 71% PERL) and by the 
random rather than linear distribution of the enlarged tubercles within 
its peripetalous fasciole. Similar differences distinguish other 
Oligo-Miocene Tethyan species such as cruciatus, M. locardi and M. 
nicholsi (MS of Rose, 1966), as well as the contemporary Australian 
forms decipiens and ^  tuberculata.
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MEOMA CLEVEI (Cotteau, 1875) 
Plates 110, 111; text-figure 52; 
Appendix H, frames 240-244
Diagnosis
Test size moderate, length c_^  60mm. Ambital outline elongate, 
subcordiform, slightly asymmetric with lA 2 projecting further forward 
than lA 3, posteriorly subtruncate; maximum width c_^  85% TL, c_^  6% TL 
anterior; maximum depth of frontal notch (relative to lA 2) c. 8% TL. 
Lateral profile subrectangular; test height c_^  55% TL, c^ 6% anterior; 
posterior truncation slightly overhanging, truncation angle 70°. 
Transverse section high-domed anteriorly, becoming globocarinate 
posteriorly. Peristome length c_^  7% TL, transversely elongate c_j_ 200%; 
posterior test to anterior labrum Cj_ 73% TL. Petals subequal in absolute 
terms (length c_^  40% TL), unequal relative to perradial length, with 
anteriors relatively longer than posteriors (c. 73% as against c_^  61%); 
narrow, maximum width c_^  17% petal length; moderately sunken with 
maximum depth Cj_ 60% petal width. Interporiferous zones of petals 
narrow, maximum width c_^  15% petal width, closing to c_^  60% of this at 
petal tips; poriferous zones subequal. Interpetal angles c_^  140* 
anteriorly, c_j_ 85° laterally and c_^  50° posteriorly. Depression of 
ambulacrum III increasing steadily to ambitus, decreasing subambitally 
but still noticeable at peristome margin. Labrum short, c_j_ 7.3% TL, 
transverse elongation c_^  125%; length of sternals c_j_ 37% TL, combined 
width c_^  30% TL; periplastronal areas narrow, maximum width c_^  25% that 
of plastron. Peripetalous fasciole deeply indented in all ambulacra, 
following petal margins towards their tips, crossing ambulacrum III just 
above ambitus. Subanal fasciole bilobate enclosing well-defined subanal 
spine tufts. Enlarged aboral tubercles entirely within peripetalous 
fasciole; arranged in a single row transversely across the lower half of 
each plate.
Discussion
With the possible exception of Meoma dubius, which seems to be an 
intermediate form, fasciole characteristics and tuberculation pattern 
suggest that Meoma clevei is more closely related to Meoma antillarum 
than to any other described species. Indeed, neither of the characters
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50 mm
fasciole track
Figure 52
Fascicle tracks in Meoma clevei. drawn from holotype 
USNM 214 174
used in the key of Jackson (1922), petal curvature and position of 
maximum test width, adequately distinguish even their type material (see 
Appendix H), Lacking enough specimens to attempt a proper variation 
study, the author has followed previous authors in considering these 
species as distinct. Despite their overlapping stratigraphical, 
geographical and apparently ecological ranges, no population is yet 
known to show intergradation in test size, overall shape (particularly 
carination of posterior interambulacrum, depth of frontal notch and 
depression of anterior ambulacrum subambitally), petal length, character 
of peristome, and pore character in unpaired ambulacrum aborally. 
Considering the small number of specimens available to date, some of 
these differences could conceivably reflect allometric growth, or 
perhaps ecotypic variation, though others, notably pore character and 
subambital depression in the anterior ambulacrum seem very extreme for 
such an explanation. While final solution of the problem must await the 
collection of statistically significant samples or at least better 
preserved individuals, each species’ integrity is retained herein. In
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its possession of isopores rather than unipores aborally within a 
strongly sunken ambulacrum III, and in its strongly developed bilobate 
subanal fasciole, Meoma clevei differs drastically from modern Meoma 
ventricosa, and seems more distant from its descent than Meoma 
antillarum. It can be distinguished from the Mexican form Meoma dubius 
on the grounds of smaller test size, lower angle between anterior petals 
and lower curvature of posterior petals. Otherwise it is distinguishable 
from other species of Meoma on the same grounds as Meoma antillarum (see 
above). Greater prominence of lA 2 than lA 3 at ambitus is often seen in 
small spatangoids (Gale & Smith, 1982), but is unusual in individuals as 
large as the holotype of Meoma clevei.
Ecological Conclusions from Functional Morphology
Complete indented peripetalous fasciole, asymmetrically sunken petals 
and aboral enlargement of pores in ambulacrum III all suggest the 
possibility of moderate or deep burrowing outside coarse well-sorted 
sediments. This is consistent with strong development of a subanal 
fasciole and spine tufts. Low spine packing density aborally suggests 
tolerance to poorly sorted sands rather than muds. Strong development of 
the anterior notch and continued depression of the anterior ambulacrum 
up to the forward facing peristome suggest substantial reliance on 
material of aboral derivation. The absence of spine tubercles 
perradially of its tube feet aborally indicates however that this did 
not involve the existence of a mucus string. Long well-developed 
phyllodes with many pores suggest feeding on relatively coarse 
sedimentary particle and are consistent with the large size of the 
periproct.
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Family LOVENIIDAE Lambert, 1905 
Genus LOVENIA Desor, 1847 
Generic Diagnosis
Test small to moderately sized, low, anterior notch slight to moderate. 
Apical system subcentral or anterior, with 3 or 4 gonopores. Only paired 
ambulacra petaloid. Petals widely open proximally with poriferous zones 
convergent, moderately to highly closed distally. Anterior ambulacrum 
slightly depressed with microscopic pore units. Internal and subanal 
fascioles present, but not peripetalous. Parts of aboral surface outside 
internal fasciole bearing large noncrenulate primary tubercles. Lateral 
parts of adorai surface bearing enlarged tubercles but plastronal 
tuberculation only slightly developed and at very rear of test.
Generic Synonymy 
See Mortensen (1950)
Taxonomic Remarks
Fischer (1966) distinguishes Lovenia (Lovenia) from Lovenia 
(Vasconaster) on the basis of poriferous zones Ilb and IVa forming a 
single cresecentic line (or not) and primary tubercle recessed in 
ampullae (or not). The validity of this subdivision is doubtful (Cooke, 
1959; Challis, 1980), and it is not utilized herein. Whether or not the 
anterior margins of the anterior petals can be interpreted as crescentic 
often varies intraspecifically, while the precise extent of tubercle 
sunkenness is of equally dubious systematic significance. At least in 
Lovenia gregoryi, the two characteristics also suggest opposite 
subgeneric ascriptions, necessitating the abandonment of one even if a 
useful subgeneric distinction was to be maintained.
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LOVENIA GREGORYI Lambert, 1922 
Plate 112; text-figure 53; 
Appendix H, frames 245-268
Specific Diagnosis
Test small, largest known specimen less than 41mm in length. Ambital 
outline subcordiform, truncate posteriorly; maximum width subcentral, 
slightly anterior, 83-98% TL; frontal notch shallow to moderate, depth 
1-7% TL. Lateral profile depressed to slightly wedge-shaped. Maximum 
height 27-39% TL, up to 75% TL behind anterior margin. Adorai surface 
slightly concave. Posterior truncation subvertical, overall truncation 
angle 75-105%; rhomboidal in plan with meridional length 15-27% TL and 
width 28-39% TL; concave with subanal depression. Interambulacrum 5 
inflated into blunt carina aborally and very low rounded keel adorally. 
Peristome reniform, almost semicircular; length 6-13% TL, labral 
overhang 5-30% of peristome length; posterior of test to lip of labrum 
63-73% TL. Periproct suboval to sublensoidal, lying in upper 30% of 
posterior truncation; meridional length 8-10% TL, width 15-19% TL.
Apical system subcentral to 20% anterior, with 4 equal circular 
gonopores arranged in a square. Paired ambulacra flush throughout; 
narrow anterior ambulacrum flattened to slightly depressed aborally, 
becoming strongly sunken subambitally. Paired ambulacra petaloid, with 
first repiratory pore unit developed immediately beyond internal 
fasciole track; posteriors straight or slightly flexuous, anteriors 
straight or slightly curved. Length of posterior petals 34-43% TL 
(55-72% PERL), with petal I slightly longer than petal V; length of 
anterior petals 22-39% TL (63-75% PERL), with petal IV slightly longer 
than petal II. Maximum width of posterior petals 29-36% of their length, 
that of anteriors 34-48% of their length. Interporiferous zones of 
petals widest at their proximal ends, where they reach 34-53% of maximum 
petal width, and close distally to 26-47% of their maximum width. 
Poriferous zones of posterior petals all of similar width and with 12-14 
respiratory anisopores; in each anterior petal, anterior poriferous zone 
narrower than posterior with 6-7 respiratory anisopores as against 9-11. 
Poriferous zones of adjacent petals proximally convergent but never 
confluent. Labrum long and narrow, posterior extension 20-23% TL. 
Plastron broad, subtriangular; length of sternal 26-30% TL with combined 
width 22-24% TL. Internal fasciole keyhole-shaped and subanal fasciole 
bilobate, enclosing well-developed subanal spine tufts. Much-enlarged
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"primary" tubercles of aboral surface developed only outside internal 
fasciole and in paired interambulacra; each recessed in an ampulla that 
projects as a centrally-sunken camella on the inner surface of the test
Discussion
Two chronostratigraphically separated populations assignable to 
Lambert’s species have been examined, in the Anguillan Formation, the 
source of the type material, and in the Antigua Formation. Although the 
samples obtained from these units are generally distinct, and were 
initially considered by the author to be separate species, more detailed 
analysis suggests the real differences between them are insufficient to 
justify this hypothesis, being of the sort often associated with large 
scale ecotypic or geographic variation in similar living species. 
Accordingly they are only distinguished at subspecific level below.
Species as a whole somewhat resembling Lovenia alabamensis, but with the 
interporiferous zones of its petals narrower (IPZW < 55% PETW) and much 
more open distally (ICLOS > 30% IPZW); also distinguishable from this 
American species in that the poriferous zones of its anterior petals 
have fewer developed respiratory pores while its lA 5 lacks oblique 
lines of slightly enlarged tubercles adjacent to interradial suture. 
Lovenia clarki, the other North American species, is known only from 
internal moulds but easily distinguished by the absence of camellae. The 
remaining Caribbean record, of Lovenia cf. dumblei by Cooke (1961), 
differs in its smaller but more numerous sunken tubercles, occurring 
over most of each paired ambulacrum. The same differences also serve to 
distinguish Central American specimens of Lovenia dumblei, L. jeanneti 
and I^ mexicana, the last-named also being distinguished by its slightly 
posterior apical system and the presence of occasional enlarged 
tubercles in lA 5. The Pliocene Californian species is even more ditinct 
in its extraordinarily long petals reaching almost to the ambitus.
Among Old World material Lovenia gregoryi is closest to Maltese 
specimens originally named Sarsella anteroalta by Gregory (1891a), but 
interpreted by Challis as juveniles of Lovenia duncani (Gregory). These 
are nevertheless distinguishable by their wider plastron (PLASTW > 25% 
TL), by the possession of fewer but larger sunken aboral tubercles, and 
perhaps by more dense tuberculation of the adorai margins, differences
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that are even more strongly displayed by mortenseni, the
Czechoslovakian Miocene species described by Ctyroky (1965). Smaller 
size (TL < 27mm), fewer enlarged aboral tubercles (6-8 in each lateral 
lA, 3-4 in each anterior lA), and a less anterior peristome (POST-PST < 
65% TL) distinguish the Austrian Eocene species Lovenia macrotuberculata 
of Schaffer (1960). Specimens resembling the holotype of Lovenia duncani 
in the wide much-closed interporiferous zones of its petals and its 
flush anterior ambulacrum adorally are absent from either the Antiguan 
or Anguillan echinoid faunas, despite the local abundance of the genus. 
Lovenia lamberti, as described by Rose (1966) from the Miocene of Libya 
differs additionally in its vertically elongate periproct. Of the other 
Mediterranean species comparable in test shape and tuberculation,
Lovenia lorioli and 1^ sulcata both differ in that the anterior 
poriferous zones of their anterior petals curve posteriorly towards the 
apical system, in contrast to the straight zones of 1^ gregoryi. The 
contemporaneous Australasian species Lovenia tuberculata and 1^ forbesi, 
while sharing the same basic tuberculation pattern as gregoryi, are both 
distinguished by poorly developed anterior poriferous zones in their 
anterior petals. The Miocene-Recent East Pacific form, Lovenia elongata, 
has a tuberculation pattern resembling that of Lovenia gregoryi, but 
displays a much narrower test (TW normally < 80% TL), and an unwaisted 
internal fasciole enclosing a far larger apical area.
Ecological Conclusions from Functional Morphology
Slightly enlarged pores adapically within anterior ambulacrum and slight 
increase in tubercle size adapically suggest that the species possessed 
small funnel-building tube feet and an apical spine tuft, allowing 
complete burial even in relatively fine substrates. This is corroborated 
by the well-developed subanal fasciole, an evidence for subanal spine 
tufts and subanal tube feet, these allowing the construction of an 
efficient sanitary drain. However, the absence of a peripetalous 
fasciole, the openness of the petal interporiferous zones both 
proximally and distally, and the orientation of the respiratory pores, 
suggest a strong reliance on natural intrasediment currents and 
therefore restriction torelatively well-sorted sands. This is consistent 
with the weak development of the plastronal tubercles, a characteristic 
unknown in mud-burrowing forms. The developmwnt of extremely enlarged 
tubercles outside the peripetalous fasciole, whether for defence or
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righting of an overturned test as described by Ferber (1976) and Ferber 
& Lawrence (1976), is indicative of shallow-burrowing in an environment 
where exposure by physical processes is likely. This appears to be 
confirmed by the posterolateral enlargement of the main locomotory 
tubercles, those of the adorai margins; such enlargement suggests that 
even normal forward motion tended to have a vertical excavatory 
component, again an advantage only for burrowing forms prone to rapid 
physical relocation.
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LOVENIA GREGORYI GREGORYI n.ssp.
Plate 112, figures 1-4; text-figure 53;
Appendix H, frames 245-254
Subspecific Diagnosis
Petals flush; anteriors slightly curved laterally at their distal ends; 
typically 12-14 respiratory pores per poriferous zone in posterior 
petals. Ridge down middle of posterior plate column in anterior paired 
interambulacra; strong subanal depression; plastron weakly keeled; width 
of periplastronal areas c_^  65% plastron width. Labral overhang less than 
5% peristome length. Area enclosed by internal fasciole c_j_ 14% TL wide, 
extending c_^  16% TL anteriorly. Width of subanal fasciole track
0.5-0.7mm (1.8-2.0% TL), track enclosing area 36-41% TL wide. 
Distribution of large sunken aboral tubercles typically more uneven than 
in gregoryi antiguensis; tubercles rarely straddling plate sutures 
and sometimes restricted to a single plate column within an ambulacrum.
LOVENIA GREGORYI ANTGIGUENSIS n.ssp.
Plate 112, figure 5;
Appendix H, frames 255-268
Subspecific Diagnosis
Petals slightly depressed; anteriors straight or slightly curved 
anteriorly; posteriors with c_^ 13 pores per poriferous zone. No ridge 
down middle of posterior plate columns in anterior paired 
interambulacra; weak subanal depression; plastron not even weakly 
keeled; width of periplastronal areas c_^  80% that of plastron. Labral 
overhang considerably more than 5% peristome length. Track of internal 
fasciole _c^  0.66mm (2% TL) in maximum width. Track if subanal fasciole 
more than 1.0mm (2.8% TL) in width, enclosing area 44-49% TL in width. 
Distribution of larger sunken aboral tubercle never as uneven as in 
Lovenia gregoryi gregoryi; tubercle frequently straddling plate sutures 
and never entirely restricted to a single plate column within each 
ambulacrum.
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Family ASTEROSTOMATIDAE Pictet, 1857 
Genus ANTILLASTER Lambert, 1909 
Generic Diagnosis
Test large. Ambital outline oval to subovoidal, often slightly truncate 
posteriorly; anterior notch slight or absent. Apical system subcentral 
or anterior, ethmolytic with 3 or 4 gonopores. Only paired ambulacra 
petaloid. Petals long, extending almost to ambitus; open; flush with 
test or very slightly depressed; with respiratory pores size and shape 
anisopores; terminal plates occluded from adradial suture. Anterior 
ambulacrum flush or slightly depressed, with very small pores. Peristome 
large, not associated with furrowed ventral ambulacra. Periproct large, 
inframarginal. Plastron mesamphisternous with large labrum, sternal 
plates narrow and episternals large. Fascioles absent.
Taxonomic Remarks
For generic synonymy, see Fischer (1966). Henderson (1975) considered 
Antillaster to be a subgenus of Paleopneustes, differing significantly 
only in the possession of size and shape anisopores rather than isopores 
in the petals. After surveying all known species of the genus, Kier 
(1984) concluded that this difference was stable and justifies separate 
generic classification, a conclusion supported by often more plastic 
features like petal length.
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ANTILLASTER ELEGANS (Jackson, 1922)
Plate 113; Appendix H, frames 269-276
Diagnosis
Test large, up to c^ 120mm. Ambital outline ovoidal, broad with maximum 
width 86-96% TL and slightly anterior. Lateral profile asymmetrically 
subconical, subcarinate and subtruncate; maximum height 29-48% TL, 
slightly anterior, approximately at apical system; posterior truncation 
overhanging, with truncation angle c_^  70°, largely occupied by large, 
oval, meridionally elongate periproct. Adorai surface concave with 
phyllodes depressed in strong grooves and labrum/plastron slightly 
inflated above periplastronal area. Peristome reniform to rounded 
crescentic; labral overhang c_^  35% peristome length; slightly to 
moderately anterior, posterior to lip of labrum 50-67% TL. Petals 
slightly sunken adapically; posteriors pair straight, anteriors straight 
or slightly curved anteriorly; long subequal, length 44-50% TL; narrow, 
width 18-23% petal length; interporiferous zone moderately wide, 
reaching 38-52% of maximum petal width; poriferous zones subequal, 
almost fully divergent. Labrum short and broad, posterior extension c_j_ 
9.7% TL, bearing primary tubercles identical to those of plastron. 
Plastron narrow, comprising sternals, episternals and preanals; total 
length c_j_ 55% TL; maximum width posterior, across preanals, c_^ 22.5% TL; 
sternal plates short, length along interradial suture c_^  26.4% TL. Width 
of periplastronal area c_j_ 47% of maximum plastron width. Fascioles 
absent. Aboral tuberculation sparse and uniform outside petals.
Discussion
Distinguished from all other Antillaster species by its more central 
apical system, not more than 7% TL anterior. Most closely resembling in 
petal form and tuberculation Antillaster sanchezi Lambert (synonyms 
castroi, flexuosus), but this taxon displaying petals with an even 
narrower interporiferous zone, never more than the width of a poriferous 
zone and frequently as little as 20% PETW.
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Ecological Conclusions from Functional Morphology
High subconical test, widely open and almost flush petals, uniform 
low-density aboral tubrculation and total absence of fascioles all 
suggest a fully epifaunal mode of life. This is consistent with the 
absence of enlarged pores in the anterior ambulacrum or subanally. Large 
central downward facing peristome within concave adorai surface, 
together with the development of many phyllodal tube feet and the large 
periproct, suggest selective feeding on bulky sedimentary particles.
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ANTILLASTER VAUGHANI (Jackson, 1922)
Plate 114; Appendix H, frames 277-284
Diagnosis
Test very large, length 87-170mm in known material. Ambital outline oval 
with maximum width 91-95% TL and situated 2-10% TL anterior; no frontal 
notch. Lateral profile low-domed to high-domed, test height 30-70% TL; 
adorai surface slightly concave. Peristome rounded crescentic, length 
6-8% TL, width 17-19% TL, labral overhang 10-30% PSTL; posterior of test 
to lip of labrum 68-78% TL. Periproct very large, inframarginal and 
truncating vertical profile at c_j_ 70° ; vertically lensoidal with flush 
margins, meridional length 13-18% TL and width 11-17% TL. Only paired 
ambulacra petaloid. Middle of apical system 10-20% TL anterior. All 
petals flush, slightly curved anteriorly and extending 86-96% of 
distance to ambitus; length of posterior petals 50-70% TL, that of 
anteriors 38-55% TL; petal width 16-24% PETL, of which the maximum width 
of the interporiferous zone comprises 38-55%; poriferous zones subequal, 
ending bluntly, fully divergent or closing the interporiferous zone 
distally to no less than 80% of its maximum width. Anterior ambulacrum 
narrow, width 14-20% that of lA 3, and characteristically free of large 
tubercles. Long shallowly sunken phyllodes developed in all ambulacra 
adorally, with number of phyllodal pores reaching a maximum of 12-13 in 
the anterior paired ambulacra. Labrum large and broad, length 9-11% TL, 
width 11-13% TL. Plastron slightly convex, length of sternals 29-33% TL, 
combined width 29-32% TL. Fascioles absent. Ornament dominated by large 
radially-symmetrical tubercles c_^  2mm in diameter with a packing density 
and efficiency of c_^  6 per square centimetre and 20% respectively on the 
aboral test surface, increasing to c_j_ 11 per square centimetre and 35% 
adorally.
Discussion
Although the Antiguan and Cuban material in this species appear to 
differ slightly, most noticeably in the length of the posterior petals 
and number of petal pores, the many points of similarity between them 
suggest that such differences are either fortuitous or represent minor 
subspecific variation due to ecology/cline development. The closest 
relative of the species appears to be Antillaster arnoldi, distinguished
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by its narrower test (TW < 80% TL), more anterior apical system (centre 
anterior by > 20% TL) and broader petals (PETW > 25% PETL). Antillaster 
sanchezi (synonyms castroi and flexuosus) was distinguished by Kier 
(1984) on the grounds of having less divergent anterior petals and a 
more central apical system, but in neither case do these quantitative 
differences fall outside the range of vaughani. Sharper contrasts to 
Antillaster vaughani are seen in its significant petal depression, lower 
petal IPZW (generally < 25% PETW, never > 35% PETW), and much finer 
tuberculation (visible in the lost type material illustrated by Sanchez 
Roig (1926, pi.16 (fig.5), pi.12 (fig.2) and pi.18 (fig.l), and in 
specimens "42", "251", "257", "275", "295", "606", "730" and "762" of 
the Lambert Collection, whose existence was not listed by Kier. Similar 
petal and tuberculation characteristics also distinguish Antillaster 
elegans from ^  vaughani, in addition to the formers more central apical 
system.
Ecological Conclusions from Functional Morphology
Absence of enlarged pores in the anterior ambulacrum aborally, or in the 
posterior paired ambulacra below the periproct, suggest an inability to 
maintain any sort of apical funnel or sanitary drain. This is consistent 
with the absence of enlarged tubercles adapically and therefore of an 
apical spine tuft. Together with the inflated test, very sparse 
"primary" tuberculation, absence of fascioles and divergent petals (with 
pore units equally developed in each poriferous zone and orientated 
perpendicular to the petal axis), this indicates an epibenthic mode of 
life. Rounded test margins and relatively high ambitus, with tubercle 
areoles adapically elongate subambitally, suggest shallow ploughing with 
the petaloid area exposed. The "secondary" spines of the scrobicular 
ring probably served to protect the bases of the larger defensive 
"primaries" from attack; the large boss of the latter suggests that they 
had a particularly well-developed catch apparatus and were rather 
passive. Considering the relatively small size of the spines seen in the 
paratype, it would seem likely that the animal also relied heavily on 
camouflage or some other defensive strategy. Long phyllodes with many 
tube feet in sunken grooves, large peristome and very large periproct 
suggest feeding on large sedimentary particles.
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3. Summary of Systematic Echinoid Palaeontology
Thirty-two species and two subspecies of echinoids are 
represented in the Antigua and/or Anguilla Formations. Diagnoses and 
discussions of each are provided above, based on more complete 
descriptions provided in Appendix G, where data on stratigraphie and 
geographic distribution are also provided. Numerical data are summarized 
in Appendix H. Keys for species identification by non-specialists may be 
found in Appendix I.
Of the species described, five are entirely new to science, 
three of them being represented by sufficiently good material to justify 
formal naming. These three are given the manuscript names Irenechinus 
rosei, Psammechinus anguillensis and Tripneustes (Eotripneustes) 
tintamarrensis, the last named being the only known representative of a 
new subgenus. Of the previously known species, the author describes 
seven for the first time from the Lesser Antilles, while a further three 
have their geographic and statigraphic range extended within the region. 
Thirty-one previous species records from the Antigua or Anguilla 
Formations are reascribed and over eighty junior synonyms listed from 
other parts of the Caribbean region (mainly for members of the genera 
Clypeaster, Schizaster, Eupatagus, Meoma and Antillaster).
Species described fall into twenty genera, of which twelve have 
their diagnoses and synonymies significantly modified from Moore (1966). 
Among the genera recorded, nine have their stratigraphie or geographic 
range extended by this study. Fossil representatives of four genera, 
Irenechinus, Tripneustes, Psammechinus and Pericosmus, are described for 
the first time from the Lesser Antilles. The most significant increase 
in range is for Irenechinus, a genus not before recognized outside 
Australasia, though the present author also records representatives from 
the Miocene of Malta.
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Chapter VI
Summary of the Biogeographic Relationships of Caribbean and Eastern 
Atlantic Echinoid Faunas During the Cenozoic, with their Implications 
Regarding Palaeogeography, Palaeoceanography and Palaeoclimatology
This chapter provides an overview of biogeographic patterns 
displayed by Caribbean and Mediterranean echinoid genera during the 
Cenozoic, complementing and extending the direct comparison of 
mid-Cenozoic echinoid faunas from Antigua/Anguilla and Malta provided by 
Poddubiuk & Rose (1984). It deals sequentially with 22 trends in the 
relationships of Old and New World tropical faunas, summarizing each, 
providing biogeographic evidence for it and finally discussing its 
biological and physical implications.
Of particular interest to palaeogeographers and tectonicists 
will be the support given by echinoid biogeography to the "Arc 
Migration" model of Caribbean Plate origin rather than the more popular 
"Pacific Origin" model (point 17). Palaeoceanographers and 
palaeoclimatologists should note the volume of evidence that surface 
currents in the oceans have irregularly intensified since the Eocene, 
with undercurrents becoming relatively more important (points 4, 6 and 
20). These changes corroborate independent sedimentological evidence for 
irregularly increasing global wind intensities over this period given by 
Janecek & Rea (1983) and Rea et al. (1985). Another well-substantiated 
implication of general palaeoceanographic interest is that a strong 
"Gulf Stream" separating the Greater Antilles from the North American 
mainland was already in operation during the Eocene, well before the 
closure of shallow marine connections between the Caribbean and the 
Pacific (point 10). Biogeographers should note the dangers of a pure 
vicariance approach to interpretation, illustrated by points 5 and 20. 
Probable ecologically-related absences in the mid-Cenozoic limestones of 
the Lesser Antilles or the Maltese archipelago (of echinoid taxa 
occurring elsewhere in the Caribbean or Mediterranean regions) have 
already been discussed in Chapter IV.
1. The echinoid faunas of the Caribbean, Mediterranean and West
African regions can be distinguished at the supraspecific level 
throughout the Cenozoic. This is best illustrated by their respective
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sand dollar faunas. The Eocene families Protoscutellidae, Eoscutellidae 
and Neolaganidae, the Miocene Monophorasteridae and Abertellidae, and 
the Miocene to Recent Mellitidae, are all recorded only from the 
neotropics. Analogously the Oligocene-Miocene Scutellidae and the 
Oligocene-Recent Astriclypeidae are entirely restricted to the 
Tethyan/Indo-West Pacific region, while the Miocene-Recent Rotulidae are 
known only from the West African region. Other echinoid groups rarely 
show endemism above generic level in the Atlantic region, though this is 
often well-marked as in the cases of Oligopygus and Antillaster 
(distinctive and widespread throughout the Caribbean in Eocene and 
Eocene-Miocene times respectively, but entirely absent in the Old World) 
or Haimea (shared by West Africa and the Caribbean during the Eocene, 
but absent in the Tethyan region). Even the present day Caribbean 
possesses a few totally endemic non-sand dollar genera, notably 
Calocidaris and Conolampas, as well as some, for example Cassidulus and 
Agassizia, no longer found in the Old World.
The distinctiveness of Old and New World echinoid faunas 
indicates that the Atlantic and Pacific Oceans have acted, for some 
taxa, as total barriers to gene flow during the Cenozoic. This is 
probably a reflection on short larval life span in the forms affected 
(see discussions in Ebert & Dexter, 1975, and Smith, 1984). The 
distinctiveness of West African and Tethyan Old World faunas, even 
during the Paleogene, suggests that the present system of dynamic 
current barriers has persisted throughout the Cenozoic and that no 
trans-African Seaway existed during this era (see Appendix J, section 
2.5; also for confirmation from foraminiferal faunas. Appendix K, 
section 4.4).
2. The number of entirely Caribbean-endemic genera seems to have
been greatest in Eocene times decreasing to its present levels during 
the late Paleogene. Ignoring regular echinoids, whose low preservation 
potential makes their distribution as fossils rather patchy (Kier,
1977), and also the characteristically endemic Scutellinid sand dollars, 
it is clear that the Middle and Upper Eocene shallow water faunas of the 
Caribbean contain many important genera entirely absent outside the 
neotropics, e.g. Oligopygus, Cubanaster, Sanchezella, Santeelampas, 
Lambertona, Aguayoaster, Fernandezaster, Asterostoma and Antillaster 
(Moore, 1966; Kier & Lawson, 1978; Kier, 1984). In contrast, Caribbean
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Oligo-Miocene strata as a whole yield only five endemic non-Scutellinid 
irregulars, Neorumphia, Hernandezaster, Herreraster, Lajanaster and 
Antillaster, with just the last widespread. Even more significantly, the 
echinoid fauna of the Anguilla Formation, one of the largest and most 
important fully Miocene examples in the region, consists entirely of 
amphiatlantic genera.
The number of endemic genera in a region is normally taken as a
measure of its isolation, but care must be taken in doing so here. None
of the genera discussed above ever succeeded in crossing the Atlantic, 
so the decline in endemism cannot be interpreted as due to a delay in
their successful dispersal. The reason seems to be, rather, that more
efficient genera, as it happens introduced mainly from the Old World , 
progressively dominated the Caribbean biosphere causing the extinction 
of less competitive locally-evolved forms.
3. Before Miocene times transatlantic dispersal of echinoid taxa
was predominantly from east to west. Many genera are known from earlier 
Paleogene strata in the Old World than in the neotropics, but only 
rarely the reverse. Well-documented examples include Clypeaster 
(Poddubiuk, 1985; Ali, 1983), Fibularia and Echinocyamus (Kier, 1966b, 
1982), Echinolampas and Rhynchopygus (Roman, 1977), Pericosmus (Lambert 
& Thiery, 1925; Currie, 1942; Kier & Lawson, 1978), Schizaster (Lambert 
& Thiery, 1925; Kier, 1957; Kier & Lawson, 1978), Eupatagus (Roman,
1977) and Migliorinia (Kier, 1984). The only clear exception to this 
pattern seems to be the inferred American ancestor of the Old World 
Scutellidae and Astriclypeidae, which had succeeded in reaching Europe 
by Upper Oligocene times (Seilacher, 1979; Smith, 1984). Although 
Fischer (1966) lists Moira as occurring earlier in North America than in 
the Old World, there appear to be no references to substantiate this in 
Lambert & Thiery (1909-25), Kier & Lawson (1978), or any of the standard 
works on North American Cenozoic echinoids such as Grant & Hertlein 
(1938) or Cooke (1959). Strictly speaking Fischer's statement would 
therefore seem to be erroneous, probably being based on Mortensen's 
(1950) speculation that the ancestor of the present day neotropical 
species Moira atropos and M^ clotho might already have existed in the 
Caribbean in Upper Eocene times. This, in turn, may be based on the 
single poorly-preserved specimen of Moira sp. recorded by Pijpers (1933) 
from the Upper Eocene of Bonaire. Although the letter's description, and
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those features discernable in his illustrations, are consistent with his 
generic assignation, better material is required to confirm that the 
single known individual is not an aberrant Schizaster, and that it is 
really of Eocene age.
The physical implications of Paleogene generic dispersal 
patterns are that viable transatlantic dispersal of echinoid larvae was 
unidirectional from east to west at this time. The most plausible 
mechanisms for such transport would be analogues of the contemporary 
North and South Equatorial Currents (text-figures 58, 59). The single 
exception to the documented pattern, the appearence of the ancestral 
Scutellid in the Old World, almost certainly reflects coastal dispersal 
around the still continous northern margin of the Atlantic. No extant 
sand dollar seems to be capable of long-range dispersal in ocean 
currents, with the distribution of most resticted even by sort stretches 
of open sea (see point 12 and Appendix K), though some genera can 
survive at high latitudes in waters intolerably cold for most other 
echinoids (e.g. Echinarachnius as described by Mortensen, 1948b). 
Substantial delays in the transatlantic crossings of important genera 
such as Clypeaster suggest that while the North and South Equatorial 
Currents were viable mechanisms of larval dispersal, their efficacy to 
this end would seem to have been be rather low for most of the 
Paleogene.
4. West to east oceanic dispersal of echinoid genera across the
Atlantic was negligible during the Paleogene and rare during the Lower 
and Middle Miocene, but became important in Upper Miocene times and has 
remained so till the present day. The only well-documented case of west 
to east dispersal before the Upper Miocene is that of Plagiobrissus, 
widepread in the neotropics during the Eocene but not extending to the 
Mediterranean region until the Miocene (Arnold & Clark, 1927; Cooke, 
1959; Vadasz, 1915; Reidl, 1941). Post-Middle Miocene examples include 
not only tropical taxa such as Meoma, whose Upper Miocene Maltese and 
extant West African species seem to have had a Caribbean ancestry 
(Chapter V; Chesher, 1970), and perhaps Conolampas (recorded outside the 
Caribbean only from the Upper Miocene of northwest Africa, though the 
author has not been able to examine specimens of the Old World 
material), but also a temperate/subtropical genus Arbacia (known from 
the Upper Miocene and Pliocene of the United States but not recorded
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from the Old World till the Pleistocene; Fell & Pawson, 1966). Since 
physical palaeogeographic data indicate that coastal connections around 
the cold northern margin of the Atlantic had long since been broken 
(Appendix J, section 2.2), the implications of these patterns seem to be 
that, during the Neogene, first the Atlantic Equatorial Undercurrent and 
later perhaps even the Gulf Stream became viable agents of transatlantic 
larval transport. Acting as return systems for the westward equatorial 
currents, the effectiveness of both would be expected to increase faster 
than these as the closure of the transisthmian seaway stopped overflows 
into the Pacific (Appendix J, section 5.2.2). Once eastward crossing of 
the Atlantic became viable, the larger size and greater diversity of the 
neotropical faunas (due to the greater size of tropical marine provinces 
on the west sides of oceans; see Appendix J, section 7.1) would 
statistically favour it, as pointed out by Briggs (1974). Moreover, the 
east/west discrepancy in faunal province size should itself have been 
accentuated during later Miocene times by climatic deterioration and 
wind speed increases (see Appendix J, section 7.2).
5. Similarities at the specific level between Old and New World
echinoid faunas were very rare before Middle Miocene times but increase 
thereafter and are common at the present day. With the single exception 
of Brissopsis biarritzensis, a species well-known from the Upper Eocene 
of France but also illustrated by Cooke (1959) from contemporary strata 
in Alabama, no Paleogene example of an amphiatlantic echinoid species 
can be confirmed. Although several Mediterranean species have previously 
been recorded from the Lower Miocene of the Caribbean, only one such 
record, that of Echinoneus cf. cyclostomus can be tentatively confirmed 
by the author (Chapter V; synonymies of Appendix G; Poddubiuk & Rose, 
1984). Other species, while undoubtedly close to their European 
counterparts, can generally be distinguished absolutely on several 
morphological criteria, the only exceptions being in the notoriously 
plastic genus Schizaster where statistical criteria seem to be 
necessary. Even the occurrence of "Cidaris" melitensis, the 
Mediterranean species most frequently recorded from the Caribbean 
Miocene in the past was conclusively disproved by Cutress (1980). The 
picture changes significantly for Middle and Upper Miocene species. 
Specimens of Schizaster described by Jeannet (1928) from the Middle 
Miocene of Venezuela fall well within the range of variation described 
by Challis (1980) for Maltese S. eurynotus. In Upper Miocene times the
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neotropical regular Tripneustes ventricosus has been recorded as far 
afield as Austria (Tauber, 1951), while Agassizia scrobiculata was 
described by Clegg (1933) from the Middle East. Finally the work of 
Mortensen (1928-51), Mayr (1954), Chesher (1966), Fell (1967) and Pawson 
(1978) on Recent shallow-water echinoid faunas has demonstrated that 
many living species, and even subspecies, have amphiatlantic 
distributions.
The maintenance of species integrity depends on the degree on 
genetic stability within dispersed populations and the extent of gene 
flow between them. The former, depending partly on systematic factors 
(Lessios, 1979a, 1979b, 1981; Rose & Olver, 1985), partly on 
environmental ones (e.g. degree of irradiation, presence of chemical 
mutagens) and partly on population size, can probably be assumed 
constant for widespread Caribbean and Old World representatives of the 
same genus. The implication of a general increase in the number of 
amphiatlantic species through the Neogene is therefore that gene flow 
across the ocean has improved. Transoceanic migration of adults being 
impossible for most shallow water echinoids, and certainly for all 
infaunal species, this implies that larval dispersal across the Atlantic 
has increased. The increase could reflect any or all of several changes; 
a genetic increase in larval output or lifespan, an ecological increase 
in larval survivorship or lifespan, the appearence of staging posts 
along transoceanic transport routes, or an increase in marine current 
speeds reducing larval transatlantic transit times. Regarding the 
possibility of genetic changes, there is no other evidence that the 
required modifications evolved independently across the whole spectrum 
of echinoid diversity, indeed it would be extraordinary if they had done 
so. Ecological effects that could affect all planktic larvae are easier 
to envisage, the most promising being a drop in water temperature, that 
should dramatically extend viable lifespan (see Appendix J, section 7). 
While severe drops in surface marine temperatures near the equator have 
been proposed in the past, the putative changes are always said to have 
affected the middle rather than the late Cenozoic, and have in any case 
been conclusively disproved on the grounds of physical sedimentology and 
palaeontology (Chapter IV, section 1.1; Appendix J, section 7.2). 
Potential staging posts for some shallow marine organisms certainly 
appeared in the tropical Atlantic during the Miocene (Appendix J, 
section 2.2), but the evidence of their present day faunas suggests they 
do not play a significant role as far as echinoids are concerned (see
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point 7 below). The most reasonable hypothesis for explaining increases 
in the number of amphiatlantic species during the Neogene seems to be 
that shallow transoceanic currents in the equatorial Atlantic flowed 
ever more swiftly during the Neogene reaching a maximum speed in 
Pleistocene or Recent times. The surface currents of the world's oceans 
being wind generated (Harvey, 1976), this implies a progressive increase 
in global wind speeds, independently confirming the general predictions 
of Janecek & Rea (1983) and Rea et al. (1985) which were based on mass 
accumulation rates of aeolian sediments in deep sea cores. Similarly 
consistent patterns in the transatlantic affinities of West African 
bolivinitid foraminifera have also been documented (Brun et al., 1984; 
Appendix L, section 4.4).
The systematic pattern in the appearance of amphiatlantic 
echinoid species seems to reflect different rates of morphological 
evolution and, even by itself, contradicts Rosen’s (1976) vicariance 
explanation for the present levels of Caribbean/West African marine 
faunal affinity. Pacific members of the genus Brissopsis were considered 
to show particularly low rates of change by Henderson (1975), while the 
very referral of several mid-Cenozoic Echinoneus to the practically 
circumtropical living species cyclostomus speaks for itself on this 
count.
6. The systematics of closely studied Recent and fossil echinoid
taxa suggest repeated establishment and vicariance of amphiatlantic 
populations in some genera during the later Neogene. Perhaps the best 
documented cases of such repeated establishment/vicariance cycles are 
the multiple invasions of the Caribbean and West Africa postulated for 
spatangoids, most explicitly Meoma, by Chesher (1968, 1970), and those 
implied by Cutress (1980) in her discussions of Miocene Prionocidaris. 
The same inference can be drawn from any sympatric species more closely 
related to the same taxon on the other side of the ocean than they are 
to each other.
Although slow vicariance of substantial amphiatlantic 
populations can reflect the numerical dominance of locally produced 
larvae, their rapid vicariance can only be explained by a sharp drop in 
transoceanic larval dispersal. Following the same argument presented in 
point 5, the only plausible argument for such a sudden decrease is a
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sharp drop in global wind and transoceanic current speeds. If such a 
drop were followed, after a genetically significant period, by a 
recovery to former or higher levels, range extension back across the 
Atlantic by one or both of the now distinct geminates becomes a strong 
possibility. The patterns of multiple transatlantic invasion 
distinguished in later Neogene echinoid taxa therefore imply that 
Neogene marine current and wind speed increases in the tropical Atlantic 
were rather irregular with occasional sharp drops.
7. The islands of the tropical Mid-Atlantic Ridge appear to act as
staging posts for few, if any, amphiatlantic species at the present day, 
though the Cape Verde Islands provide an important extension of the 
Eastern Atlantic margin. The major evidence for this contention, drawn 
from Pawson (1978), is the total absence from both Ascension and St 
Helena of species widely represented in the Caribbean/Brazilian and West 
African regions (e.g. Eucidaris tribuloides, Lytechinus calipeplus, 
Tripneustes ventricosus, Paracentrotus gaimardi), or their occurrence 
there as endemic mid-Atlantic subspecies more distinct from New and Old 
World populations than is either of these latter from the other (e.g., 
Diadema antillarum ascensionis, Pseudoboletia maculata atlantica, 
Echinometra lucunter polypora). This isolation is confirmed by their 
possession of distinctive endemic species like Eucidaris clavata and 
Tretocidaris spinosa. Indeed the only echinoid taxa Ascension and St 
Helena may prove to share with both Atlantic margins, are the 
practically tropicopolitan form Echinoneus cyclostomus, whose 
amphiatlantic distribution predates either islands appearence (Chapter 
V ; Appendix J, section 2,2), and Brissus unicolor, whose slow rate of 
evolution is indicated by its continued occurrence in the eastern 
Pacific since the closure of the Isthmian Seaway (Chesher, 1972). 
Considering the virtual absence from Ascension or St Helena, either at 
the present day or in the past, of important tropical habitats such as 
coral reefs and seagrass banks (Price & John, 1978), the islands would 
not even be habitable for many echinoid species.
In contrast to the situation on the Mid-Atlantic Ridge, the 
present day echinoid fauna of the Cape Verde Islands includes both West 
African and Mediterranean/North African species (Mortensen, 1928-51; 
Mayr, 1954), while in the past it should have been dominated by Tethyan 
species as were Madeira and the Canaries to the north (see Appendix J,
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section 2.2). Both now and in the past they are likely to have formed an 
important enclave along a coast whose narrowness otherwise inhibits 
dispersal and the development of large populations
8. Within the neotropics, the greatest similarity with Old World
faunas is apparently found in the southeast U.S.A. during the Eocene and 
perhaps earlier Oligocene, but in the southeast Caribbean/Brazilian 
region since the Miocene. The Eocene Protoscutellidae, believed to have 
provided the ancestor of the Tethyan Scutellidae and Astriclypeidae, are 
strictly North American in distribution. Additionally the only known 
Eocene amphiatlantic species, Brissopsis biarritzensis, is recorded in 
the New World only from Alabama (Cooke, 1959), while the most recent of 
several authors to have commented on the particular similarity of other 
Eocene echinoids from this region to their European congeners was Roman 
(1977), noting the great similarity of Echinolampas tanypetalus from 
Florida to E. burdigalensis of France. Though Lower and mid-Oligocene 
faunal records are poor in both areas and any biogeographic comments on 
them rather tentative it may not be coincidental that the earliest 
neotropical Clypeaster appears to be the North American species rogersi. 
In contrast, the greatest similarities between later neotropical faunas 
and those of the Old World are found in the eastern Caribbean and 
northern South America, to which most species having intimate 
relationships with those of the Mediterranean area are confined (e.g. 
Tretocidaris anguillae, Brissus exiguus, Brissopsis antillarum), as are 
the records of the earliest amphiatlantic species Schizaster eurynotus. 
An analogous pattern is seen at the present day in those Old World 
species that have limited neotropical distributions, e.g. Arbacia lixula 
and Paracentrotus gaimardi (Mortensen, 1935, 1943b).
The physical implication of this changing pattern in Old World 
affinities suggests that the Atlantic North Equatorial Current was 
originally a better agent for transporting the larvae of Tethyan 
echinoid species than the Atlantic South Equatorial Current, but became 
less effective during the later Paleogene with westward larval transport 
dominated by the latter during the Neogene (see text-figures 58, 59). 
Changes in the relative width of North and South Atlantic Basins or in 
global wind intensities cannot explain this phenomenon, which probably 
reflects the termination of the Tethys Current by the collision of 
African and Arabia with Eurasia at this time (Appendix J, sections 2.1
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and 5.2). Analogue experiments by Luyendyk et al. (1972) have shown that 
this current would substantially have strengthened the North Atlantic 
gyre and resulted in the core of the Atlantic North Equatorial current 
being further north. To a lesser extent the changes may also reflect the 
progressive movement of North America out of the tropical zone.
9. Within the Old World tropics of Eocene times relationships to
the Caribbean seem similarly good over the whole of the Atlantic margin. 
Although the closest parallels at the specific level often seem to be to 
western European forms, the only occurrence of an Oligopygoid echinoid 
outside the neotropics seems to be in Senegal (Kier, 1967b). In 
contrast, during the mid-Cenozoic, faunal affinities to the Caribbean 
were definitely closest in southern Mediterranean areas, particularly 
North Africa and Spain. Illustrating this close relationship are the 
similarities between the Spanish/North African species Clypeaster 
solanoi and the Caribbean C_^  batheri, between the Tunisian/Cyrenaican 
Echinolampas chericherensis and ^  lycopersicus, between Agassizia 
cyrenaica and ^  clevei, between Lovenia anteroalta and gregoryi (see 
Chapter V). During latest Miocene and Recent the focus of Caribbean 
affinities in the Old World shifts to West Africa, where most present 
day tropical amphiatlantic species occur (Chesher, 1966).
The lack, along the Middle to Late Eocene Old World Atlantic 
margin, of a distinct latitudinal pattern in similarity to the 
neotropics probably reflects the virtual absence of west to east gene 
flow at this time. The significance of finding the otherwise Caribbean 
endemic Haimea in the Eocene of Senegal is uncertain. While it is 
possible that the genus had a West African origin (according to Kier, 
1982, Togocyamus, a very primitive Clypeasteroid which of all other 
known echinoids has the closest relationship to the Oligopygoids, is 
restricted to the Paleocene strata of this region), eastward dispersal 
seems more likely, perhaps across the still shallow-water Sierra Leone 
or Walvis/Rio Grande Rise (Robert, 1981; Appendix J, section 2.2) rather 
than in an Equatorial Undercurrent. The progressive loss of Caribbean 
similarity in mainland Europe after Eocene times probably reflects 
global contraction of the tropical belt (Appendix J, sections 7.2, 9.5), 
as well as the northward motion of Eurasia, both of which lead to 
climatic pauperization of the fauna well before its decimation by the 
"Messinian Salinity Crisis" (Appendix J, section 8). The grouping of
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Iberian and North African taxa, discernable even in the distribution of 
some genera like Agassizia after Eocene times, would be consistent with 
tectonic arguments that the Iberian peninsula was still part of Africa 
in the late Paleogene (Williams, 1986). The particular similarity of 
West African faunas to those of the Caribbean since the Upper Miocene 
probably refects continuing climatic deterioration and also the 
increasing importance of the Equatorial Undercurrent in transatlantic 
gene flow.
10. During the early Paleogene, the sharpest echinoid biogeographic 
division within the western Atlantic area may have lain between the Gulf 
of Mexico and the Florida/Caribbean region, but by Middle Eocene times 
it had come to separate the Gulf/Florida region from the Greater 
Antilles and the rest of the Caribbean. Of the entire Cuban fossil 
spatangoid fauna (79 Middle-Upper Eocene or Oligo-Miocene species 
according to Kier, 1984), just 3 are represented in the well-known fauna 
of Florida (immediately to the north of Cuba at this time, whichever 
palaeotectonic model is used for reconstruction). Similarly, of the 32 
species recorded from the mid-Cenozoic Antigua and Anguilla Formations 
(herein), just 2 are known from Florida, though over a dozen are shared 
with Cuba. Even whole genera widespread in the Caribbean basin itself 
(e.g. Pericosmus, Antillaster), are unknown from the other side of 
this divide.
The implication of the sharp faunal demarcation north of the 
Greater Antilles is that a substantial "Gulf Stream" flow through the 
ancient "Straits of Florida" had already commenced by Middle Eocene 
times, acting as an effective dynamic barrier between the Caribbean 
Basin and the North American mainland, just as at the present day. This 
confirms evidence from Caribbean bivalve palaeobiogeography (Palmer, 
1967), Atlantic foraminiferal palaeobiogeography (Berggren & Hollister, 
1977; Cifelli, 1979), deep sea sediment starvation (Siebold, 1982) and 
erosional patterns over the Florida and Blake Escarpments (Pinet et al.,
1981) that the Gulf Stream was active long before final closure of the 
Isthmian Seaway (see Appendix J, section 5.2.2 for further discussion).
11. Within the neotropics, echinoid endemism seems to have been 
greatest in the northwest Caribbean, particularly during the Paleogene,
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Examples of Eocene endemics entirely unknown outside the Cuban/Jamaican 
area include Palmerius, Fellius, Sanchezella, Weisbordella, Habanaster, 
Aguayoaster, Caribbaster and Asterostoma. Similarly restricted 
Oligo-Miocene endemics include Neorumphia, Fernandezaster, Lajanaster 
and Hernandezaster. In contrast the remaining Caribbean endemics such as 
the Eocene-Miocene Antillaster and the Miocene-Recent Mellita, Encope, 
Leodia and Mellitella occur widely throughout the province. Additionally 
a few taxa widely distributed around the margins of the Caribbean are 
entirely absent from Cuba, most strikingly the genus Lovenia.
The implication of the pattern described above seems to be that, 
during the Paleogene, the northwest Caribbean was biogeographically 
rather isolated from the Lesser Antilles, Netherlands Antilles and South 
America proper, all of which possess well-known Eocene echinoid faunas. 
The most plausible mechanism for such isolation would seem to be a 
dynamic barrier created by strong marine currents traversing the 
Caribbean from northwest to southeast, currents whose strength and 
position would be consistent with the findings of points 8 and 14. 
Together with the "Gulf Stream" flow separating Cuba from the American 
mainland to the west and north such a current would have isolated the 
western Greater Antilles as the central null point of a current 
demigyre, greatly resticting outward faunal dispersal.
12. Throughout the Cenozoic, the echinoid faunas of the Lesser 
Antilles have lacked some taxa widespread around the mainland margins of 
the Caribbean and sometimes even on the microcontinental islands of the 
Greater Antilles. In particular, it is notable that no sand dollar has 
ever been recorded, living or fossil, from the Eocene-Recent of the 
Barbuda or Anguilla Banks. Indeed, the author was unable to confirm any 
sand dollar records from the Leeward Islands, past or present, though 
previously undescribed examples were noted in the Middle Miocene Ponce 
Limestone of Puerto Rico, at the eastern end of the Greater Antilles. 
Similarly restricted distributions also characterize some Recent regular 
echinoids such as Arbacia punctulata (Mortensen, 1935; Mayr, 1954), a 
few marine molluscs (see Appendix K, section 4.3) and many terrestrial 
vertebrates (Appendix K, section 3, SA/C and NA/C tracks). They 
presumably reflect the difficulties of dispersal along a narrow chain of 
small islands isolated by deepwater passages and swept by strong oceanic 
cross-currents. The species affected appear to have been those with a
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short larval life span.
13. Some morphologically-defined shallow water echinoid species are 
common to the East Pacific and Caribbean regions at the present day 
(e.g. Brissus unicolor), while even among those that are not, geminate 
subspecies or species are often recognizable (Chesher, 1972; Lessios, 
1979a, 1979b, 1981). This relationship has been interpreted, like 
similar patterns in other marine groups and antithetic patterns in 
terrestrial organisms, as evidence that shallow marine connections 
between the Caribbean and the Pacific persisted in some form until 
Pliocene times (see Appendix J, section 2.4; Appendix K, section 3).
14. The Miocene shallow-water echinoid faunas of Costa Rica and 
Panama, insofar as they are known, appear to resemble most closely their 
Greater Antillean and northern Lesser Antillean contemporaries, sharing 
such distinctive species as Echinolampas semiorbis, which are absent 
either from the North or South American mainland. Similar patterns may 
characterize some mid-Cenozoic coral taxa (Appendix K, section 4.1).
This suggests more effective latitudinal than longitudinal dispersal 
within the Caribbean region of Lower Miocene times, a pattern which 
would be consistent with surface currents traversing the Caribbean from 
northeast to southwest at this time. Although a great deal more needs to 
be known of Central American and Columbian Cenozoic echinoid faunas 
before this trend could be considered proven, it could in this event 
provide further confirmation of Miocene increases in the intensity of 
the North Atlantic current gyre. Following the theoretical model of 
Veronis (1981), vorticity considerations mean that a slower North 
Equatorial Current would enter the Caribbean at higher latitudes than at 
the present day, even if a Tethys Current was not operating (see 
Appendix J, section 5.2.2).
15. Some Oligo-Miocene echinoid species widespread in the Caribbean 
region also extended along the Pacific coast of Central America to the 
limits of the tropical zone. Perhaps the most distinctive and best 
documented examples of such species are Clypeaster batheri and 
Antillaster vaughani, though other less easily distinguished examples 
seem to include Schizaster munozi and Agassizia clevei (see synonyms and
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range data in Appendix G). The implication of this finding is that some 
species were able to maintain a tolerably homogeneous gene pool 
throughout the Caribbean, across the Isthmian Seaway and along the 
tropical West American coast. As at least the first two taxa quoted are 
restricted to the Upper Oligocene, and therefore relatively short-lived, 
this suggests effective larval communication throughout this range.
16. Despite evidence for a continuing shallow marine connection 
between the Caribbean and the Pacific till well into Pliocene times 
(Appendix J, section 2.4; Appendix K, section 3, EP/C track, and section 
4), some Miocene-evolved West American genera such as Dendraster and 
Brissaster never succeeded in invading the Caribbean region, despite a 
presence in the Gulf of Panama at the present day (Durham, 1966;
Fischer, 1966; Chesher, 1972). Conversely, the extant East Pacific 
geminates of some Caribbean species such as Meoma ventricosa appear to 
become increasingly distinct northwards away from the Isthmus of Panama 
(Chesher, 1972) as apparently do some mid-Cenozoic taxa (clinal 
variation of this sort in Agassizia clevei probably producing Agassizia 
regia). This implies that the West American coast has acted as a 
"filter" rather than a "sweepstake" dispersal route in the sense of 
McKenna (1973), perhaps because of the paucity and small size of shallow 
marine basins along it, as suggested by Domning (1978, 1981) to explain 
patterns of Sirenian evolution.
17. The deepwater echinoid faunas of the Caribbean and East Pacific 
are much more distinct than their shallow water faunas, sharing only 
cosmopolitan species that could have achieved their present 
distributions through any of the world's ocean basins. This state of 
events was carefully chronicled by Chesher (1972), who showed that when 
forms typically occurring at depths less than 50m are compared across 
the Isthmus of Panama there is 81-85% generic similarity; in contrast, 
when taxa found at all depths are included only 42% of the genera in the 
West Indian fauna and 64% of those in the Panamic fauna are found to 
occur on both sides of the Isthmus. This indicates that, while 
shallow-water marine communications across Central America persisted 
till relatively recently, the deepwater faunas of the Caribbean and East 
Pacific have been isolated for a very long time. Such a pattern of 
differentiation strongly supports the "Arc Migration" hypothesis for
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Caribbean Plate origin rather than the more popular "Pacific Origin" 
model which predicts the existence of a deepwater passage between 
nuclear Central America and South America at least into the Neogene 
(text-figures 55-57; Appendix J, section 2.3).
18. Generic diversity in Caribbean shallow-water echinoid faunas 
seems to have declined substantially during the Neogene, particularly 
towards the end of the period. Among the most important genera to be 
lost were Lajanaster and Antillaster (now extinct), Phyllacanthus, 
Prionocidaris, Pericosmus and Eupatagus (all currently restricted to the 
Indo-West Pacific), Rhyncholampas, Mellitella and Lovenia (still 
represented in the East Pacific). In contrast only three shallow water 
genera appear and extend their range during this period, the sand 
dollars Mellita, Leodia and Encope. The decline in diversity does not 
appear to reflect significant deterioration in the physical environment 
(Chapter IV, section 1), as has been postulated for that of the 
Mediterranean faunas in the Late Miocene and Pliocene (Demarcq, 1979, 
1984), but appears rather to be a species-area effect associated with 
the partition of the mid-Cenozoic Caribbean Province into two separate 
parts. Assuming this to be the case, the start of the decline in 
diversity during Middle Miocene times suggests that shallow-water 
transisthmian dispersal was already beginning to show restrictions at 
this time.
19. During the Paleogene there appear only to have been isolated 
cases of transpacific echinoid dispersal, always from the Caribbean to 
the Australasian region, and no case whatsoever of an amphipacific 
species being maintained.
Although Ghiold & Hoffman (1986) claim that fossil records of 
Laganids in the New World indicate that it had a closer relationship to 
the Indo-West Pacific than the West African region earlier during the 
Tertiary, closer examination of their sources suggests that the argument 
is based on very dubious or downright erroneous data. Only two Laganid 
genera have ever been recorded from the Caribbean, Jacksonaster and 
Sismondia. With the single possible exception of Sismondia? anguillae, 
whose true generic assignation cannot not be proven (Chapter V), all 
records of these genera from the Caribbean have been shown to represent
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parallel evolution in the strictly neotropical Neolaganidae. Even if new 
material eventually allows the Anguillan record of Sismondia to be 
confirmed, this small and unobtrusive genus was widely distributed in 
the West Tethyan area during the Paleogene, so that its apparent absence 
from the poorly known West African faunas may easily be fortuitous. 
Considering that the most primitive Laganinid, Togocyamus is restricted 
to the West African region, with the other early members of the suborder 
such as Fibularia and Echinocyamus first occurring in the 
neotropical/Indo-west Tethyan region rather than the West Pacific (Kier,
1982), suprageneric biogeography seems to contradict rather than support 
close Carribean/West Pacific affinities.
The only echinoid genus occurring in the Caribbean and 
Australasian faunas but never shared with those of the Mediterranean 
appears to be Lambertona (Henderson, 1975). However, if consecutive time 
slices are examined two more examples of taxa at first unknown in the 
West Tethyan region come to light, those of Phyllacanthus and 
Irenechinus. While the earliest Caribbean and Australasian occurrence of 
the last-named genus are more or less contemporary, the fossil record 
indicates that both Phyllacanthus and Lambertona originated in the 
neotropics. Cutress (1980) convincingly traced the origin of 
Phyllacanthus to the Cretaceous-Eocene Caribbean endemic genus 
Prophyllacanthus, while the oldest extra-Caribbean records are from the 
Oligocene of New Zealand (Fell, 1954). Lambertona is first recorded from 
the Eocene of Cuba (Kier, 1984), but not known from the Australasian 
region until the Miocene (Henderson, 1975). Irenechinus* previously 
known only from the Oligo-Miocene of Australasia (Fell & Pawson, 1966), 
is recorded herein from the Upper Oligocene of Antigua, but not from the 
Mediterranean until the Middle-Late Miocene (Chapter V; Appendix G). 
Additionally, there is the extraordinary similarity between the 
Caribbean Upper Oligocene species Clypeaster julii and the Recent 
Australian form C_^  tumidus. The enigmatic similarity between such 
unusual members of the genus, whose like is elsewhere unknown, seems too 
great to be explained even by the parallel evolution for which this 
genus is renowned (see Poddubiuk & Rose, 1985).
Tenuous Caribbean to Australasian dispersal during the Paleogene 
seems to suggest that the East Pacific marine desert was not then a 
total barrier to echinoid dispersal in the southern tropics. Analogous 
patterns have recently been demonstrated in a variety of other
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pre-Neogene groups, notably rudist bivalves, gastropods and 
pseudorbitoid foraminifera (Appendix K, section 4.3). Since the 
direction of dispersal seems opposed to predominant current flows at the 
latitudes affected, small scale island-hopping between the now sunken 
guyots and seamounts common on the southern Pacific Plate would seem its 
most likely mechanism, and is consistent with the absence of 
amphipacific species. It would of course be aided by the lower speeds of 
the opposing currents than at the present day, suggested by points 5 and 
20). The predominant direction of dispersal presumably reflects either 
the greater diversity of Caribbean faunas compared to those of 
Australasia, or the earlier loss of the eastern Pacific stepping stones. 
Further speculation on the topic should, however, await the appearence 
of data on the fossil echinoid faunas of Polynesia or the East Pacific 
seamounts.
20, There is no evidence for transpacific dispersal at tropical 
latitudes during the Lower or Middle Miocene, but west to east larval 
communication appears to have increased drastically thereafter, 
particularly during Pliocene-Recent times. Early Neogene dispersal from 
the East to the West Pacific margin is entirely restricted to 
cold-resistant temperate taxa such as Echinarachnius, which could 
migrate around the ocean's northern boundary. The earliest evidence that 
Indo-West Pacific forms were beginning to invade the neotropics seems to 
be the Upper Miocene appearence in the Caribbean of Rhynobrissus (Cooke, 
1961). However, the main increase in gene flow seems to have taken place 
after the Pliocene termination of Caribbean/Pacific connections, 
bringing such characteristic Indo-West Pacific echinoid genera as 
Toxopneustes and perhaps Metalia to West American shores, as well as 
many distinct asteroid genera such as Acanthaster and Nidorellia 
(Chesher, 1972). Finally systematic studies on Recent echinoids have 
suggested that there may recently have been gene flow between some 
allopatric ''species'' of amphipacific genera such as Echinometra 
(Mortensen, 1943b).
The circum-equatorial latitudes at which late Neogene 
transpacific dispersal took place, and its rapidity, indicate that 
traversal of the East Pacific barrier involved marine currents, with the 
only suitable carrier being the Pacific Equatorial Undercurrent (see 
Appendix J, section 5). The implication of the pattern is therefore that
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the speed of this increased drastically in the Late Neogene, as did that 
of the Atlantic and for the same reasons (see point 6). This 
interpretation contrasts strongly with the vicariance interpretation 
advanced by Rosen (1976). His contention that the low similarity of East 
and West Pacific faunas results from a very old, pre-Cenozoic, 
vicariance event is rendered absurd by the age of the taxa involved, 
without even considering their palaeobiogeography.
21. Within the Old World, the echinoid faunas of the Mediterranean 
and Indo-West Pacific were already becoming distinct by Late Eocene 
times. Although there is evidence for occasional faunal exchanges well 
into the Miocene (Adams et al., 1983; Ali, 1983; Appendix J, sections 
2.1, 5.2), the restriction of some amphiatlantic echinoid taxa such as 
Agassizia to the Mediterranean region as early as the Eocene, and Meoma 
and Plagiobrissus at least throughout the Miocene, suggests significant 
barriers were already in operation far earlier. This agrees with 
evidence given in point 8, Appendix J (section 5.2) and Appendix K 
(section 4.3), that the Tethys Current had already been terminated by 
the end of the Eocene.
22. East and West African echinoid faunas have remained distinct 
throughout the Neogene, and probably through the entire Cenozoic. The 
West African Miocene fauna entirely lacks characteristic and very 
widespread Indo-Pacific genera such as Echinodiscus and Astriclypeus, 
while that of East Africa and Madagascar lacks typical West African 
forms such as Rotula, Heliophora and Rotulinella, intead having close 
affinities with India (Stockley, 1927). Moreover non-endemic members of 
West Africa's Neogene echinoid fauna show much closer relationships to 
those of the Caribbean or Mediterranean than to those of the 
Indo-Pacific, which entirely lack important amphiatlantic genera such as 
Meoma and Plagiobrissus. Paleogene faunas are less well known but the 
restriction to West Africa of the important Paleocene genus Togocyamus, 
and of the only Old World Haimea in the Eocene, argues that West Africa 
was already somewhat isolated. Indeed the only strong case for 
connections between Atlantic and West Pacific echinoid faunas around the 
Cape of Good Hope seems to be that provided by the living species 
Pseudoboletia occidentalis, which appears to have dispersed from the 
Indo-Pacific to the Caribbean by this route after the closure of the
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Isthmian Seaway (see Pawson, 1978), and by possible gene flow between 
East and West African Tripneustes in the recent past (Mortensen, 1943a).
The implication of this pattern is that, contrary to Mayr (1954) 
and Adams (1983), the tropical West African and Indo-Pacific provinces 
were not in close contact around the southern tip of Africa prior to 
Late Neogene times. If anything, contact between them seems to have 
improved during the Late Neogene, presumably as a result of northward 
motion by the African plate and a more effective Agulhas Current in the 
Indian Ocean.
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e) Carbonate Bank Progradation
As bank subsidence rate declines (presumably because cooling rate falls as 
temperature differential decrease), spare carbonate sediment production capacity allows 
progradation of the bank margins. This stage does not appear to have been fully developed 
during deposition of the Antigua Formation, but is clearly discernable in the Anguilla 
Formation. Bank margin "advancing" with periodic backstepping sensu Playford (1980), offlap 
with periodic stepped onlap sensu James & Mountjoy (1983).
Submarine carbonate sedimentation eventually terminated by eustatically controlled 
emergence of the bank top. The subsequent geological evolution of the present land areas 
involved continued listric faulting near the bank edges, karstic weathering of limestones 
(particularly near the bank margins), cavern collapse, formation of subaerial debris fans, 
development of raised beachrocks, pedogenic caliches and other superficial characters.
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APPENDIX A
Semantics and Usage of Abbreviations
Semantics in Stratigraphy, Sedimentology and Palaeontology
Both chronometric and chronstratic divisions are referred to in 
the text. Unless specific indication are given to the contrary, usage of 
these follows Berggren et al. (1985). Where reference to a formal 
subdivision is intended, the initial letter of the modifying adjective 
is capitalized, e.g. Late Oligocene, Upper Miocene. Where informal 
modification is intended the adjective is entirely lower case, e.g. 
middle Oligocene, earliest Miocene, mid-Neogene.
In the sedimentological descriptions many characters are 
verbally subdivided or quantified following widely recognized schemes. 
Bed thicknesses follow the definitions of Ingram (1954): laminae, less 
than 1cm, very thin beds l-3cm, thin beds 3-lOcm, medium beds 10-30cm, 
thick beds 30-100cm and very thick beds greater than 100cm thick. 
Grainsize definitions follow the well-known "Wentworth Scale". Carbonate 
petrography is summarized using the classification introduced by Dunham 
(1962), in the amplified version shown as figure 1-6 of Wilson (1975). 
The alternative classification of Folk (1962) is given only where it 
provides additional information of particular interest. Classification 
of pure siliciclastic sediments follows Folk (1974), and that of hybrid 
carbonate/siliciclastic arenites follows Mount (1985). Additional 
descriptive terminology for carbonate sediments follows the usage of 
Reijers & Hsu (1986), unless otherwise indicated.
Descriptive terminology in palaeoecological discussions follows 
Martinsson (1975). Terms used in the description of echinoid taxa follow 
normal modern usage and are discussed in detail below.
Semantics in Geography and Biogeography
In the Caribbean, the naming of island groups always follows the 
British pattern, rather than the French, Dutch or German patterns, but 
names are otherwise unanglicized. References to the Leeward Islands for 
example therefore concern the northern, rather than southern. Lesser 
Antilles, but St Bartelemy is not referred to as "St Bartholomew".
Unless specially qualified, geographic references to the ancient 
environments or faunas are intended to be understood anachronistically. 
They refer to the successions currently exposed in the region and do not 
imply, for example, the existence of the present day oceanographic 
structure. Nevertheless their usage is avoided if the subconcious 
association would be too misleading; references to the Mediterranean 
Miocene would be perfectly acceptable but when referring to Mesozoic or 
early Paleogene characteristics the adjectives "West Tethyan" would be 
preferred.
Diverse provincial concepts and geographical ranges are 
frequently disguised in the literature under the same shorthand names. 
The terminology used herein follows that of Morley Davies et al. (1975), 
unless another author's findings, and therefore his concepts, are being 
directly quoted.
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Glossary of Abbreviations Used in Main Text and Appendices, with 
Qualitative and Quantitative Definitions of Terms used in Echinoid 
Morphological Description
Unless otherwise stated, definitions of common morphological 
features in echinoids follow those given in the glossaries of Moore 
(1966). Definitions of basic quantitative characters in spatangoids are 
slightly amended from Chesher (1968). Wherever possible, these are 
extended by direct analogy to other echinoid groups. Special qualitative 
terms and measures used in the description of cidaroids follow the 
definitions of Cutress (1980). Where applicable, analogous measures are 
provided for regular euechinoids. Pore and tubercle characters normally 
follow the usage of Smith (1978, 1979, 1980a, 1980b). Definitions of 
previously unmeasured variables, and ammendments of those quoted by the 
above authors are described below and/or diagramatically summarized in 
text-figures 23 to 37.
AEUC 
aff.
agariform 
AM (model) 
amb.
AMH
AMNH
AMW
ANEC
anisopore
ANSP 
ant.
ANT AMB D
Ambulacrum or ambulacra of echinoid test, normally 
qualified by Lovenian designation(s)
Atlantic Equatorial Undercurrent
Very similar to, but consistently differing slightly from 
... (of fossil material too imperfectly preserved, and/or 
differing in characters too minor, to justify formal 
separation even at subspecific level)
Adjective used to describe a mushroom-shaped structure, 
particularly the labral plate of some spatangoids.
Arc migration model for the geohistory of the Caribbean 
region (Chapter VI and text-figures 56, 57)
at ambitus on echinoid test, often further qualified by 
Lovenian designation for area or plate column referred to
Anterior to maximum height on echinoid test (see 
text-figures 25, 28, 32, 34)
Specimen located in American Museum of Natural History, 
New York, USA
Anterior to maximum width on echinoid test (see 
text-figures 26, 30, 33)
Atlantic North Equatorial Current (see text-figure 58)
Type of pore unit (q.v.) in which perforations (q.v.) 
differ in size (size anisopore), shape (shape anisopore) 
or both
Specimen located in Academy of Natural Sciences of 
Philadelphia, Philadelphia, USA
Value of parameter at anterior margin of test
Maximum depth of anterior ambulacrum in spatangoids, 
relative to edge of topographic depression
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ANT AMB W = Maximum width of anterior ambulacrum in spatangoids
ANT CAMB = Camber of aboral surface of echinoid test anterior of its
apex (see text-figure 28)
ANT-AS = Anterior of test to front of apical system, measured in
ambital plan view (see text-figures 26, 30, 33)
ANT-MIDAS = Anterior of test to middle of apical system, measured in
ambital plan view (see text-figure 33)
ASD = Apical system diameter in regular echinoids, qualified by
”min." (minimum) or "max." (maximum) if oval in shape 
(see text-figure 23)
ASEC = Atlantic South Equatorial Current (see text-figures 58,
59)
ASL = Apical system length in irregular echinoids, measured
parallel to test length (see text-figures 26, 30, 33, 35, 
36)
* = Annotation used in echinoid synonymies of Appendix C to
indicate reference which includes the first official 
description of a species
ASW = Apical system width in irregular echinoids, measured
perpendicular to test length (see text-figures 26, 33)
AS-IF = Margin of apical system to inner margin of internal
fasciole, quoted with Lovenian designation of ambulacrum 
or interambulacrum along the midline of which it was 
measured (see text-figure 36)
AS-LAF = Margin of apical system to inner margin of lateroanal
fasciole, quoted with Lovenian designation of ambulacrum 
or interambulacrum along the midline of which it was 
measured (see text-figure 35)
AS-LAFBP = Margin of apical system to branching point of lateroanal 
from peripetalous fasciole, measured on its posterior 
side (see text-figure 35)
AS-PPF = Margin of apical system to inner margin of peripetalous
fasciole on echinoid test, quoted with Lovenian 
designation of ambulacrum or interambulacrum referred to, 
e.g. AS-PPF 111, AS-PPF 4 (see text-figures 33, 35)
BD = Branching density of coralline algal thalli following the
classification of Bosence (1976)
B1 = Bioturbation Index. A qualitative measure of the degree
of burrowing discernable in a sedimentary bed, based on 
the following scale modified from Frey (1975):
5 Complete churning, sediment homogeneous and burrows 
normally indiscernable 
4 Primary sedimentary structures completely destroyed, 
but sediment not uniform and burrows discernable
— 4 —
BI (contd.)
BMNH
BND
BNL
BNW
BP
BWIGR
0
Primary sedimentary structures visible in patches; 
burrows cross-cutting each other but well-preserved 
Very well-preserved burrows cutting little-damaged 
primary sedimentary structures, but rarely each other 
Burrows very rare and unimportant, with those visible 
in pristine preservation 
No discernable bioturbation
Specimen located in British Museum (Natural History), 
London, England
Buccal notch depth, estimated perpendicular to what would 
otherwise have been the line of peristome margin, unless 
qualified by "rel. amb," (relative to adjacent 
ambulacrum) or "rel. interamb." (relative to adjacent 
interambulacrum) as shown in text-figure 24
Alternative designation for BND,
Buccal notch width at peristome margin (see text-figure 
24)
Before present (conventionally taken as 1950 AD)
British West Indies Grid Reference or References
c # —
cf. =
compound =
conjugate =
COTT
D
D* =
DAAMB
DEN
ECLOS
circa
very closely comparable to and possibly nonspecific with, 
but not certainly identifiable as ... (of poorly 
preserved fossil material)
adjective to describe enlarged echinoid plate comprising 
two or more primary plates bound together by a common 
tubercle
adjective to describe echinoid pore unit in which 
perforations are completely connected at the test surface 
by a groove or band of modified stereom (see Smith,
1978b, 1980b)
Specimen located in Cotteau Collection, Université 
Claude Bernard, Lyon, France
specimen lost (used in synonymies of Appendix G)
type specimen lost (used in synonymies of Appendix G)
Depth of anterior ambulacrum aborally, relative to 
adradial suture with adjacent interambulacrum (maximum 
unless otherwise specified)
Depth of frontal notch of echinoid test, measured in 
ambital plane relative to greatest protuberance of 
adjacent interambulacra (see text-figure 33)
Width of echinoid petal at its distal tip, normally 
quoted with Lovenian designation of petal concerned e.g^ 
ECLOS 1 (See text-figures 29, 37). In Loveniids this 
measurement is qualified by "dist." with analogous
- 5 -
FGL
FND
HAMB ANT. 
HAMB LAT. 
HAMB POST, 
HSAF
lA
IFB
IFL
IFW
IFM
IPZW
ICLOS
IPA
measure across proximal ends of poriferous zones 
qualified by "prox." (see text-figure 36)
Length of aboral food groove in Clypeasteroid echinoids, 
measured as distance from peristome margin to point 
nearest ambitus and normally qualified by Lovenian 
designation of ambulacrum concerned (see text-figure 27)
Frontal notch depth in spatangoids, as DFN
Height of ambitus above base of echinoid test at its 
anterior end (see text-figures 25, 28, 32, 34)
Height of ambitus above base of echinoid test laterally 
(see text-figures 25, 34)
Height of ambitus above base of echinoid test at its 
posterior end (see text-figures 28, 32)
Height of area enclosed by subanal fasciole in 
spatangoids, measured in overall plane of test and 
qualified by "max." (maximum) or "min." (minimum) if 
medially constricted (see text-figure 34)
interambulacrum or interambulacra of echinoid test
breadth of area enclosed by internal fasciole in Loveniid 
spatangoids, maximum unless otherwise qualified (see 
text-figure 36)
Total length of internal fasciole band on echinoid test, 
measured by walking plastic dividers along it as 
described by Chesher (1968)
Width of internal fasciole band on echinoid test, 
normally qualified by "max." (maximum) or "min." 
(minimum), with positions of each given
Number of miliary tubercle rows in internal fasciole, 
normally qualifed by "max." (maximum) or 
(minimum), with positions of each given
"min."
1) Transverse distance between inner margins of 
poriferous zones at a specified point along a regular 
echinoid ambulacrum (see text-figures 23, 24)
2) Maximum width of interporiferous zone of petal in 
irregular echinoids, measured perpendicular to the petal 
axis and normally quoted with Lovenian designation of the 
ambulacrum concerned (see text-figures 29, 30, 37)
Width of interporiferous zone of echinoid petal at its 
distal tip, normally quoted with Lovenian designation to 
indicate petal concerned (see text-figures 29, 37).
As for ECLOS a proximal end reading "ICLOS prox." is also 
noted in Loveniids (see text-figure 36)
Interpetal angle, normally quoted with Lovenian 
designations of petals concerned, e.g. IPA 1/11 (see 
text-figures 26, 30, 33, 37)
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isopore
IWP
LABL
LABW
LAFL
LAFW
LAFM
LAMB
lat.
LCLF
LFB
LGLF
long.
LRL
LS
LWL
MARGT
max.
MD
type of echinoid pore unit in which perforations are of 
equal or subequal size and shape
Indo-West Pacific
Maximum anterior-posterior length of labral plate on 
spatangoid test (see text-figure 33)
Maximum width of labral plate on spatangoid test (see 
text-figure 33)
Length of lateroanal fasciole band in spatangoids, 
measured from left junction with peripetalous fasciole to 
right.
Width of lateroanal fasciole band in spatangoids, 
normally qualified by "max." (maximum) or "min."
(minimum) and position of measurement according to 
Lovenian system.
Number of miliary tubercle rows in lateroanal fasciole 
band normally qualified by "max." (maximum) or "min." 
(minimum) and position of measurement according to 
Lovenian system.
Specimen located in Lambert Collection, Université Pierre 
et Marie Curie (Paris VI), Paris, France
1) geographic latitude
2) value of parameter on lateral margin of echinoid test
Lower Coralline Limestone Formation of Maltese succession 
following usage of Bennett (1980)
Lower Fish Bed of Cyrenaican succession following usage 
of Rose (1966)
Lower Clobigerina Limestone Formation of Maltese 
succession following usage of Bennett (1980)
geographic longitude
Lower Red Limestone of Cyrenaican succession following 
usage of Rose (1966)
Longitudinal section
Lower White Limestone of Cyrenaican succession following 
usage of Rose (1966)
Margin thickness in tumid-margined Clypeasteroids, 
qualifed by "max." (maximum), "min." (minimum), "ant."
(at anterior margin), ""post." (at posterior margin), or 
position of measurement according to Lovenian system (see 
text-figure 28)
Maximum value of parameter
Maximum dimension of sedimentary clast or specified 
taxonomic charactistic of fossil
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MGLF
MICH
mid-ab. =
mid-ad. =
min.
MNHN
MWL
mya
myr =
n =
NAD
NHMB
ORAL CONCH =
ORAL CONCL = 
ORAL CONW = 
%
perforation
PERL
Middle Clobigerina Limestone Formation of Maltese 
succession following usage of Bennett (1980)
Specimen located in Michelin Collection, Université 
Claude Bernard, Lyon, France
Mid-aborally on echinoid test, half way from apical 
system to ambitus, often further qualified by Lovenian 
designation for area or plate column referred to
Mid-adorally on echinoid test, half way from ambitus to 
peristome margin, often further qualified by Lovenian 
designation for area or plate column referred to
Minimum value of parameter
Specimen located in Museum National d ’Histoire Naturelle, 
Paris, France
Middle White Limestone of Cyrenaican succession following 
usage of Rose (1966)
million years ago
million years
Annotation used in echinoid synonymies of Appendix C to 
indicate a nomen nudum probably corresponding to the 
validly described species
North Atlantic Drift (See text-figure 58)
Specimen located in Naturhistorisches Museum, Basle, 
Switzerland
Height of oral concavity in echinoids; distance measured 
perpendicular to ambital plane from lowest point on test 
to highest point on peristome margin (see text-figure 28)
Anterior-posterior length of oral concavity in echinoids 
(see text-figure 28)
Width of oral concavity in echinoid test, measured 
perpendicular to test length
1) "per cent"
2) "as a percentage of"
•.. e.g. % TL reads "as a percentage of test length"
Passage through test for part of echinoid water vascular 
system, which together with it associated periporal and 
attachment areas (already defined by Smith, 1978b) forms 
the pore unit.
Perradial length; straight line distance on echinoid test 
between ocular pore and ambitus along perradial suture, 
qualified by Lovenian designation of ambulacrum 
concerned, e.g. PERL 11.
Shown in oblique view in text-figures 30 and 37, but not 
being measured in ambital plane this parameter cannot be
petaloid
PETL
PETW
PEUC
PLASTL
PLASTW
PLASTWa
PNEC
PO (model) = 
POD
pore unit =
Pores
measured directly from such diagrams or most photographs, 
unless the echinoid test is very flat
Adjective describing an echinoid ambulacrum possessing 
specialized conjugate respiratory pores proximally 
(effectively the modern usage contrasting with the 
original, nineteenth century, usage for an ambulacrum 
waisted aborally)
Length of echinoid petal, from ocular pore to last 
enlarged respiratory pore, measured in plane of test (see 
text-figures 29, 37; also shown somewhat obliquely in 
ambital plane views of text-figure 30)
Maximum width of echinoid petal, measured perpendicular 
to petal axis between outer margins of poriferous zones 
and qualified by Lovenian designation for ambulacrum 
concerned (see text-figures 29, 30, 37)
Pacific Equatorial Undercurrent
Length of sternal plates in spatangoid test measured 
point-to-point on test surface along midline lA 5, as 
defined by Chesher in 1968 (see text-figure 33)
Maximum width of sternal plate pair in spatangoid tests, 
measured perpendicular to midline of lA 5 (see 
text-figure 33).
Plastron width "a" as defined by Chesher (1968); distance 
between first pair of suture triple junctions with plates 
of adjacent ambulacral columns (see text-figure 33). 
Likewise PLASTWb between second pair of triple junctions, 
PLASTWc between third etc.
Pacific North Equatorial Current (See text-figure 58)
Pacific origin model for the geohistory of the Caribbean 
region (see Chapter VI and text-figures 55, 57)
Specimen from the author's second field collection, where 
this had not yet received a BMNH accession number at the 
time of writing, or was to be retained by Royal Holloway 
& Bedford New College.
The skeletal structure associated with an individual tube 
foot in echinoids, comprising perforations, periporal and 
attachment areas; the continued usage of the original 
term "pore" for this commplex unit is misleading and 
ungrammatical.
1) In irregular echinoid species: number of ambulacral 
pore units in the designated poriferous zone of a petal, 
qualified either by "tot." (total; all pore units 
counted) or "dev." (only developed respiratory anisopores
counted)
2) In regular echinoids: number of pore units in a 
designated ambulacrum or plate column, either in total 
(qualified "tot."; all pores counted), in supra-ambital 
part only (qualified "supra-ambital"), or in subambital
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part only (qualified "subambital").
POST-MPST =
POST-PPT
POST-PST
PPAW
PPFL
PPFW
Distance in ambital plane view from posterior margin of 
test to middle of peristome, the latter being calculated 
by halving PSTL (maximum peristome length, q.v.)
= Posterior margin of test to rearmost margin of periproct,
measured in ambital plane parallel to test length (see
text-figures 27, 31)
Posterior margin of test to posterior margin of 
peristome, measured in ambital plane view (along the 
midline of interambulacrum 5, following the definition of 
Chesher (1968) and as shown in text-figures 27/31/33, 
unless otherwise qualified
= Width of periplastronal area on spatangoid test, maximum,
measured perpendicular to test length (see text-figure
33) unless otherwise qualified
= Length of track of peripetalous fasciole
Width of peripetalous fasciole band, normally qualified 
by "max." (maximum), "min." (minimum) and/or position of 
measurement
PPFM Number of miliary tubercle rows in peripetalous fasciole 
band, normally qualified by "max." (maximum), "min." 
(minimum) and/or position of measurement
PPD
PPL
PPTL
PPTW
primary
PSD
PSEC
Periproct diameter in regular echinoids, qualified by 
"min." (minimum) or "max." (maximum) where oval in shape 
(see text-figure 24)
Used in descriptions of photomicrographs to indicate that 
they were taken in plane polarized light
Meridional length of echinoid periproct measured in plane 
of test (see text-figures 27, 31, 34)
Width of periproct on echinoid test, measured 
perpendicular to PPTL (see text-figures 27, 31, 34)
1) Adjective describing an echinoid tubercle already 
present on the first post-ocular plate. Traditional usage 
of the term to describe enlarged tubercles on spatangoid 
tests has long been recognized as anomalous; though 
continued for the sake of readibility this loose usage is 
indicated by enclosure of the term within inverted 
commas.
2) Adjective describing a structurally indivisible test 
plate bearing a single ambulacral pore, the whole basis 
of which was effectively formed simultaneously at the 
boundary of the ocular plate.
Peristome diameter in regular echinoids, qualified by 
"max." (maximum) or "min." (minimum) where oval in shape
Pacific South Equatorial Current (See text-figure 58)
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pseudocompound Adjective referring to repeated pattern of echinoid
primary plates, normally with some of them occluded, in 
which individual elements are not bound together by a 
large shared tubercle
pst. marg. = 
PSTOH
PSTL
PSTW
PZL
PZW
RHP
SAFL
SAFW
SAFM
SD
secondary =
Positional qualifier to be read "at the peristome margin"
Extension of labrum in front of rearmost part of 
peristome (see text-figure 33), equivalent to labral 
overhang of Chesher (1968)
Maximum anterior-posterior peristome length on echinoid 
test, measured in ambital plane (see text-figures 27, 31,
33)
Maximum width of peristome on echinoid test, measured in 
ambital plane perpendicular to PSTL (see text-figures 27, 
31, 33)
Length of petal poriferous zone on echinoid test, 
measured in plane of test from ocular pore to distal 
margin of last respiratory pore and qualified by Lovenian 
designation for plate column concerned (see text-figures 
29, 30, 37)
Poriferous zone width, measured in plane of test 
perpendicular to zone axis (only quoted where poriferous 
zones of petal consistently developed unequally, as in 
Agassizia)
Annotation used in echinoid synonymies of Appendix G to 
indicate inclusion uncertain, normally because of 
inadequate original description and unavailability of 
author's material, rarely because of other systematic 
difficulties e.g. lack of information on intraspecific 
variation
Specimen from the author's first field collection, where 
this had not yet received a BMNH accession number at the 
time of writing, or was to be retained by Royal Holloway 
& Bedford New College.
Length of subanal fasciole band in spatangoids
Width of subanal fasciole band, normally qualified by 
"min.", "max." and/or position of measurement
Number of miliary tubercle rows in subanal fasciole band, 
normally qualified by "min.", "max." and/or position of 
measurement
Standard deviation of statistical population, calculated 
without applying so-called "Wessel correction" unless 
otherwise stated
Adjective used to describe late developing echinoid 
tubercles in positions where no tubercle traces are 
present on the first post-ocular plate; also used loosely 
in inverted commas to indicate the smaller supramiliary 
tubercles on a spatangoid test
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SFB
SMF
SPFZ
stained
sub­
subcentral = 
subequal =
subvertical
supercompound
TAE
TAW
TBE
TD
TE
TPD
TPE
TRUNC ANG =
Standard Facies Belt of Wilson (1975)
Standard Microfacies of Wilson (1975)
Standard Planktonic Foraminiferal Zone of Blow (1969).
For the Oligocene zones P18-P22 usage follows the 
modified version of Hardenbohl & Berggren (1978)
Used in descriptions of photomicrographs to indicate 
that thin section was stained with Alizarin Red S and 
potassium ferricyanide, following the procedure detailed 
in Adams et al. (1984, Appendix 2), adapted from 
Dickson (1965).
prefix used in a quantitative sense with shape parameter 
to indicate well-rounded or blunt development, e.g. 
subcarinate (carinal crest gently rounded), subtruncate 
(margins of posterior truncation gently rounded); for 
specialized qualitative usages see below
within 5% of test length of test centre
Used where directly comparable parameters differ by less 
than 5% of the larger
almost vertical, generally deviating by less than lOx
Adjective referring to large compound echinoid plate with 
primary plates consistently repeated in a particular 
subpattern within it (from Jensen, 1981)
Tubercle areole elongation: maximum areole width as a 
percentage of minimum areole width, normally quoted with 
direction of enlargement.
mean tubercle areole width as percentage of mean tubercle 
radius
Test base elevation; maximum elevation reached by test 
base in lateral profile, compared to its lowest extension 
perpendicular test length and width
1) Maximum test diameter in regular echinoids
2) Mean tubercle diameter in designated area of echinoid 
test
overall tubercle elongation: maximum tubercle width as a 
percentage of minimum tubercle width
tubercle packing density in tubercles per square 
centimetre.
tubercle packing efficiency; percentage of available area 
occupied by tubercles.
Angle of posterior truncation in spatangoids, measured in 
lateral view between posterior extension of ambital plane 
and overall plane of posterior truncation, excluding any 
central depression (see text-figure 34)
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TRUNCH Meridional length of posterior tuncation in spatangoids 
(see text-figure 34)
TRUNCW - Width of posterior truncation in spatangoids, measured in
ambital plane (see text-figure 33)
TS = Transverse section
TT = Test thickness in echinoids, normally qualified by "max."
or "min."
TUBR = Number of tubercles on ridges between respiratory pores
of echinoid petal, normally qualified by "max." or "min."
UFB = Upper Fish Bed of Cyrenaican succession following usage
of Rose (1966)
UWL = Upper White Limestone of Cyrenaican succession following
usage of Rose (1966)
URL = Upper Red Limestone of Cyrenaican succession following
usage of Rose (1966)
USNM = Specimen located in Smithsonian Institution, Washington,
USA
V = specimen seen (used in echinoid synonymies)
V* = type specimen seen (used in echinoid synonymies)
WA = Width of ambulacrum of echinoid test, at ambitus unless
otherwise qualified "mid-ab." (mid-aborally, q.v.) or 
"mid-ad." (mid-adorally, q.v.), and normally quoted with 
Lovenian designation of area examined (see text-figure 
23, 24)
WIA = Width of interambulacrum of echinoid test, at ambitus
unless otherwise qualified "mid-ab." (mid-aborally, q.v.) 
or "mid-ad." (mid-adorally, q.v.), and normally quoted 
with Lovenian designation of area examined (see 
text-figures 23, 24)
WSAF = Width of area enclosed by subanal fasciole in
spatangoids, measured in plane of test (see text-figure
34)
ypL = Used in descriptions of photomicrographs to indicate that
the thin section was viewed between crossed polarizing 
filters
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APPENDIX B
Bibliographies of Antiguan Geology, Palaeontology and Cartography
1. Bibliography of Antiguan Geology
Nugent (1818, 1819, 1821); Hovey (1839); Duncan (1864c);
Purves (1864); Guppy (1867); Cleve (1871, 1882); Purves (1873, 1885); 
Hill (1899); Spencer (1901a); Guppy (1911); Tempany (1912); Watts in 
Tempany (1912); Brown (1913); Vaughan (1914); Tempany (1914);
Thomas (1919); Harrison (1921); Read (1921); Earle (1923);
Davis (1924, 1926); Vaughan (1926); Woodring (1928); Forest (1935); 
Rutten (1935); Schuchert (1935); Senn (1940); Trechman (1941);
Thomas (1942); Read (1949); Warneford (1949, 1950); Martin-Kaye (1955, 
1956); Butterlin (1956); Martin-Kaye, Butterlin & Hoffstetter (1956a); 
Martin-Kaye (1959, 1969); Weyl (1966); Persad (1969); Fink (1970); 
Christman (1972); Brasier & Mather (1975); Mather & Fink (1975);
Tomblin (1975); Aspinall & Tomblin (1977); Frost & Weiss (1979);
Theis (1980); Dewey & Harding (1981); Poddubiuk & Rose (1984).
2. Bibliography of Antiguan Palaeontology
Abbreviations: VS=Basal Volcanic Series, CPC=Central Plain Croup, 
AF=Antigua Formation, SD=Superficial deposits.
Scheuchzer (1723) [CPC; petrified wood]; Perit (1818) [CPC; 
petrified wood]; Witham (1831) [CPC, land plants]; Hovey (1839) [CPC; 
land plants]; Unger (1840) [CPC; land plants]; Duncan (1863, 1864a, 
1864b, 1864c, 1868) [AF, CPC; Corals]; Jones (1864) [AF; Foraminifera]; 
Felix (1882, 1883) [CPC; Land plants]; Purves (1885) [CPC; Land plants]; 
Gregory (1895) [AF; Echinoids]; Stenzel (1897a, 1897b) [CPC; Land 
plants]; Hussakof (1907) [CPC; Fish]; Brown (1913) [AF, CPC, SD; 
Echinoids, molluscs]; Brown & Pilsbry(1914) [CPC; Freshwater molluscs]; 
Lambert (1915) [AF; Echinoids]; Thomas (1919) [AF, CPC, SD; Molluscs]; 
Vaughan (1919) [AF; Corals]; Cooke (1919) [AF; Molluscs]; Cushman (1919) 
[AF; Foraminifera]; Howe (1919) [AF; Calcareous algae]; Canu & Bassler 
(1919) [AF; Bryozoa]; Vaughan (1921) [AF; Foraminifera]; Jackson (1922) 
[AF; Echinoids]; Vaughan (1922) [AF; Echinoids]; Hollik (1924) [CPC; 
land plants]; Cushman (1931) [SD; Foraminifera]; Vaughan (1933) [AF; 
Foraminifera]; Schuchert (1935) [?AF; Land plants]; Trechman (1941)
[CPC, AF; Molluscs]; Ovey in Trechman (1941) [CPC; Foraminifera]; Thomas 
(1942) [AF; Corals); Kaul (1943) [CPC; land plants]; Merlan (1944) [CPC; 
land plants]; Cole (1952) [AF: Foraminifera]; Casanova (1955, 1958) [AF; 
Echinoids]; Bolli (1957) [AF; Foraminifera]; Wells in Martin-Kaye (1959) 
[CPC, AF; Corals]; Smout in Martin-Kaye (1959) [CPC; Foraminifera];
Fames in Martin-Kaye (1959) [AF; Foraminifera]; Fames et al. (1962) [AF; 
Foraminifera]; Wing et al. (1968) [SD; Vertebrates]; Cooper (1979) [AF; 
Brachiopods]; Frost & Weiss (1979) [CPC, AF; Corals], Pregill & Olson 
(1981) [SD; vertebrates], Poddubiuk & Rose (1984) [AF; Echinoids].
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See Appendix G for further incidental references to the echinoid 
fauna of the Antigua Formation. The most complete summary of the extant 
echinoid fauna of Antigua is Clark (1921). Other aspects of the island’s 
contemporary marine biology have been discussed by Nutting (1919), Price 
& John (1978) and John & Price (1979), whose works provide an entry to 
previous literature stretching back into the seventeenth century.
3. Map Sources for Antiguan Studies 
Marine Charts: Admiralty Chart 955, 1973 (corrected to 1982). 
Sombrero to Dominica, scale 1:475,000.
Admiralty Chart 2064
Topographic Maps:
Geological Maps:
Directorate of Overseas Surveys
Series E703 (D.O.S. 406), Edition 7 - D.O.S. 1980,
Antigua, 1:50,000, 1980.
Directorate of Overseas Surveys 
Series D.O.S. 106, Edition 1, 1970-1972 
Antigua, 1:5,000
Purves (1885)
Spencer (1901a)
Senn (1940)
Warneford (1950)
Butterlin (1956)
Martin-Kaye (1959)
Harris (1965)
Christman (1972)
Frost & Weiss (1979)
Theis (1980)
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APPENDIX C
Formal Description of the Boon Point Member
Lithological Diagnosis: Reworked volcanogenic sandstones and tuffs,
passing up into tuffaceous, litharenitic and often pebbly limestones; 
airfall pyroclastic material sometimes preserved as discrete beds.
Description: Lower beds green to grey in colour, becoming yellow as
proportion of fresh terrigenous material declines. Arenitic volcanogenic 
material typically dominated by angular subhedral plagioclase crystals 
of airfall pyroclastic origin (Plate 35, 36, 47, 48). Although normally 
reworked in the environment of deposition, pure tuff bands are sometimes 
discernable in deeper water facies. Epiclastic material of sand to 
pebble grade may be an important subsidiary element basally, becoming 
predominant upwards and particularly significant in shallower water
facies (Plates 31, 32). Levels rich in volcanogenic material often
interbedded with purer limestones. Echinoids and other normal marine 
fossils occur throughout. Minimum thickness c. 50m in bank slope 
setting.
Sedimentary Contacts: Conformably overlying and underlying pure
limestones; basal contact sharp but upper junction gradational.
Type Section: From the northern end of Blue Waters Bay to the top of
the coastal platform on the northern side of Boon Point (BWIGR 1783 9829
- 1801 9843).
Subsidiary Sections: Little Deep Bay to Neck of Land (BWIGR 3450 8595
to 3495 8610). Long Bay Hotel to mid-way along northwest side of Dums 
Point Peninsula (BWIGR 3335 9005 to 3347 9049).
Stratigraphie Position: Forming a reasonably good marker horizon in the
upper part of the Antigua Formation. Directly underlying the Hodges Hill 
Calcareous Sandstone recognized by earlier authors in the northwest of 
the island. Apparently representing a phase of increased pyroclastic 
activity, coupled with increased terrestrial erosion. Probably 
reflecting temporary increase in volcanic activity and apparently 
associated with injection of small shallow intrusions (see Chapter II, 
7.3.8, subfacies ANT[H2]). Informally, two additional "Members" may be 
distinguished relative to the Boon Point Member; although these overlap 
in lithological character, they are easily distinguishable in most 
sections. Below the Boon Point Member, a "Weatherills Point Member" 
consists of buff-yellow to white framestones and rudstones to mudstones, 
rich in corals or lepidocylines and deposited mainly in a shallow 
lagoonal environment of the upper euphotic zone. Above it, a "Long Bay 
Member" consists predominantly of yellow, graded, fine bioclastic 
grainstones and white pelletai calcisiltites, deposited on the bank 
slope in or below the lower euphotic zone. This distinction is probably 
a consequnce largely of the overall transgressive trend in the 
deposition of the formation and the rather two-dimensional exposure of 
the Antigua Formation, rather than the original restriction of the Boon 
Point Member to a bank-edge setting.
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APPENDIX D
Bibliographies of Sedimentary Geology, Palaeontology and Cartography for 
Anguilla and St Martin
1. Bibliography of Anguillan/St Martin Sedimentary Geology
Cleve (1871); Molengraff (1888); Spencer (1901b);
Vaughan (1918b, 1919); Read (1921); Earle (1925); Davis (1926);
Vaughan (1926); Molengraff (1933); Read (1949); Christman (1953); 
Butterlin (1956); Westermann, Christman & Hoffstetter (1956); 
Martin-Kaye, Butterlin & Hoffstetter (1956b); Martin-Kaye (1959, 1969); 
Weyl (1966); Tomblin (1975).
2. Bibliography of Anguillan/St Martin Palaeontology
Abbreviations: ANG=Anguilla, SM=St Martin, TINT=Tintamarre
Guppy (1866a) [ANG; Echinoids]; Guppy (1866b) [ANG; Fish];
Cope (1868, 1869) [ANG, SM; Vertebrates]; Cotteau (1875, 1876) [ANG; 
Echinoids]; Guppy (1879) [ANG; Echinoids]; Agassiz (1883) [ANG; 
Echinoids]; Cope (1883) [ANG; Vertebrates]; Lambert (1915) [ANG; 
Echinoids]; Canu & Bassler (1919) [ANG; Bryozoa]; Cooke (1919) [ANG; 
Molluscs]; Cushman (1919) [ANG; Foraminifera]; Howe (1919) [ANG; 
Calcareous algae]; Rathbun (1919) [ANG; Arthropods]; Vaughan (1919)
[ANG; Corals]; Jackson (1922) [ANG; Echinoids]; Vaughan (1922) [ANG; 
Echinoids]; Lambert (1922) [ANG; Echinoids]; Stefanini (1924) [ANG; 
Echinoids]; Withers (1924) [ANG; Arthropods]; Schreuder (1933) [SM; 
Vertebrates]; Drooger (1951) [ANG, SM, TINT; Foraminifera]; Christman 
(1953) [SM; Echinoids], Cole in Christman (1953) [SM; Foraminifera]; 
Wells Christman (1953) [SM; Corals]; Casanova (1955) [ANG; 
Echinoids]; Cooke (1959) [ANG; Echinoids]; Roman (1965) [ANG; 
Echinoids]; Bold (1970) [ANG, SM, TINT; Ostracods]; Varona (1974) [ANG, 
SM; Vertebrates]; Olson (1978) [ANG, SM; Vertebrates]; Cutress (1980) 
[ANG; Echinoids]; Poddubiuk & Rose (1984) [ANG, SM, TINT; Echinoids]; 
Poddubiuk (1985) [ANG, SM, TINT; Echinoids].
3. Map Sources for the Anguillan Studies
Marine Charts: Admiralty Chart 955, 1973 (corrected to 1982).
Sombrero to Dominica, scale 1:475,000
Admiralty Chart 2038, 1847.
West Indies Antilles, Anguilla, St Martin and St 
Bartholomew Islands, scale 1:174,000
Admiralty Chart 2047, 1975.
Western Approachs to Anguilla, scale 1:50,000.
Crocus Bay and Road Bay, scale 1:15,000.
Topographic Maps: Directorate of Overseas Surveys
Series E803 (D.O.S. 343) First Edition,
Anguilla, 1:25,000, 1961.
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APPENDIX E
Recent Offshore Sedimentation Patterns on the Northern Anguilla Bank
Modern offshore sedimentation patterns around Anguilla were 
examined both by snorkeling and using Scuba apparatus. A transect 
northwards from Limestone Bay on the coast of Anguilla itself revealed 
eleven major environmental zones.
1. Upper Littoral Prism; Water turbulence due to wave breaking 
constantly resuspending very well-sorted bioclastic sand, making 
visiblity poor and direct observation difficult. No epibenthos 
dicernable. Approximate depth range 0-lm.
2. Lower Littoral Prism; Coarse, megarippled and well-sorted 
bioclastic carbonate sand; no significant epibenthos. Wave activity very 
notable even under fairweather conditions. Approximate depth range
1—2.5m.
3. Gorgonian Sand Flats: Loose, relatively well-sorted sand, sometimes 
rippled, but often lacking surface bedform because of extensive bottom 
reworking. Occasional isolated corals, some, such as Acropora palmata, 
extending to within Im of the surface. Abundant mobile epifauna. Light 
wave activity. Approximate depth range 2.5-5m.
4. Seagrass Meadows: Bafflestone accumulation of poorly sorted sand 
between leaves of Thalassia. Locally forming raised areas within 
environmental zone 3. Almost absent in this transect, but very 
well-developed in wide bays lacking local reef barriers; visible as dark 
areas of bottom on Plate 50. Approximate depth range 2.5-5m+.
5. Back of Inshore Fringing Reef: Occasional hedgelike thickets of 
ramose Porites and Madracis, separated by clean sands with abundant 
coral clasts. Light wave activity decreasing with depth. Acropora 
cervicornis common in somewhat deeper water. Abundant gorgonians and 
mobile epifauna. Approximate depth range 4-lOm.
6. Front of Inshore Fringing Reef: Massive coralgal/milleporan 
framestone. Crest not sharply distinguished from forereef; forereef 
slope 15-20°, reducing to less than 5® as corals die out below 17m. Cut 
by occasional sand-bottomed channels. Approximate depth range 10-21m.
7. Algal Plain: Coarse muddy Halimeda sand, with abundant bivalve
shells, particularly pectinids, and floating coralline algal rhodolites. 
Abundant algal flora including Halimeda, Penicillus and Udotea.
Extensive mobile epibenthos including flocks of the gastropod Strombus 
gigas, whose shells form the only substantial substrate for encrusting 
organisms such as sponges, corals, sea anemones and gorgonians. 
Occasional unattached cup corals probably belonging to the taxon 
Meandrina meandrites forma braziliensis. Very extensive, essentially 
horizontal, continuing with little change for several kilometres. Bottom 
below fairweather wave base but almost certainly above storm wave base. 
Approximate depth range 18-25m.
8. Back-Barrier Patch Reefs: Occasional patch reefs and patch reef 
complexes, sometimes with a micro-atoll geography, break the monotony of 
the algal flats between shoreline fringing and offshore barrier reefs. 
The best examined is that associated with sandy island off Road Bay 
(Plate 51, figure 3). The environmental zonation between Sandy Island 
and typical algal flats to the southeast is generally similar to that 
seen passing offshore from the fringing reefs off Limestone Bay except
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in that, even on the leeward side of the island, the reef front here 
rises right to the sea’s surface and is traversed only by a few 
isolated, sand-floored channels. Depth of deposition 0.25-25m.
9. Back-barrier Sand Shoals, and Low Islands: Storm accumulation of
patch reef debris and sand may cause shoals in the reef lagoon to build 
up above sea-level. If, as in the case of Sandy Island (Plate 51, figure
3), these loose sediments remain stable long enough to be colonized by 
vegetation, they may become relatively resistant to subsequent erosion 
and achieve a degree of permanency. This is further enhanced in examples 
where shorelines have become partially armoured by beachrock. Depth of 
deposition 5m below to approximately 2m above sea level.
10. Barrier Reef Lagoon: The most significant energy barrier on the
northern Anguilla Bank is Seal Island Reef, forming a shoreline-parallel 
ribbon over 12km long some 10km off the Anguillan coast and backed by a 
muddy Halimeda sand lagoon at approximately 5m depth with occasional 
unattached corals. Unlike fringing reef lagoons, which grade up into the 
littoral prism, this grades down over 700-800m into the algal flats 
environment.
11. Barrier Reef Crest: Crest of barrier reef differing markedly from
that of inshore fringing reefs: approximately 30m wide, dominated by 
Millepora complanata and extending right to sea level over most of its 
area with occasional channels 0.3-0.7m deep. Even fairweather wave 
activity is very heavy (Plate 49, figures 1, 2).
12. Barrier Reef Front: Reef front vertical to a depth of 
approximately 6m, with frequent surge channels. Seawards of this 
characterized by diverse coral assemblage including hemispherical, 
towering and ramose varieties. Bottom sloping down fairly rapidly to 10m 
and thereafter over several kilometres to about 25m. Ramose coral 
thickets becoming more extensive as depth increases. Marine charts 
suggest this environment continues unchanged to the edge of the Anguilla 
Bank, where the bottom drops off suddenly to depths of several hundred 
metres without any intervening shallower water barrier.
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APPENDIX F
Stratigraphy and Sedimentolology of the Pelican Point Formation
1. Formal Nomenclature
The name "Pelican Point Formation" is to be formally proposed by 
Poddubiuk (1987, in prep.) for the sequence of lithic paraconglomerates, 
sandstones, siltstones, mudstones and lignites, immediately underlying 
the Anguilla Formation on Anguilla.
Type Section: Eastern end of Crocus Bay, Anguilla, West Indies.
BWIGR 28692 2015355 to 287086 2015180. Plate 50, fig. 1. 
Exposing circa 130m stratigraphie thickness.
Subsidiary Section: Back of Crocus Bay, Anguilla. Plate 59, fig. 1.
Exposing circa 8m stratigraphie thickness.
Lithological Diagnosis: Tabular-bedded terrigenous sediments ranging
from mudstones and siltstones to very coarse graded volcanogenic 
sandstones and paraconglomerates. Macrofauna of lower beds 
mollusc-dominated, but with occasional coral fragments and regular 
echinoid spines; ichnofauna dominated by Planolites. Overall upwards 
fining, with fauna becoming progressively more restricted; highest beds 
include thin sulphurous lignites and penecomtemporaneous rootlets.
Stratigraphie Boundaries: Depositional boundaries not exposed. Lowest
accessible strata forming the foreshore of Pelican Point and the small 
offshore rock outcrop immediately to the northwest, highest seen in the 
subsidiary section at the rear of Crocus Bay. Inland boreholes 
documented by Pollit (1971) suggest that the latter are directly 
overlain by the Anguilla Formation. The relationship is probably 
conformable, since similar clastic facies occur in both formations near 
their junction. Minimum stratigraphie thickness of 140m exposed in the 
Crocus Bay area; stratigraphie thickness of entire unit probably much 
greater.
Origin of Name: Named after Pelican Point, the beginning of the type
section at the northeastern extremity of Crocus Bay.
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2. Age and Correlation of the Pelican Point Formation
On purely lithological grounds, the lower part of the Pelican 
Point Formation resembles the Point Blanche Formation on the 
neighbouring island of St Martin. However, the latter has been dated as 
Upper Eocene on foraminiferal evidence (Christman, 1953). Such an early 
date of deposition is incompatible with the sedimentologically 
conformable relationship between the Pelican Point Formation and the 
Lower Miocene Anguilla Formation. It contitutes a major factor in favour 
of formally treating them as separate units. The alternative 
possibility, that the Pointe Blanche Formation is younger than 
previously accepted, is, however, also conceivable. The occurrence of 
the coral Diploastraea crassolamellata magnifica within the unit (Wells 
in Christman, 1953) actually suggests a Late Oligocene age, raising the 
possibility that the foraminifera on which its Upper Eocene date was 
based were actually reworked. Even in this event, the lithological 
differences between these geographically separate successions, 
particularly the occurrence of very shallow littoral environments at the 
top of the Anguillan sequence, merits their distinction from one 
another.
3. Sedimentary Facies of the Pelican Point Formation
Five different facies are recognized by the author within the 
Pelican Point Formation, deposited in environments ranging from deep 
island slope to littoral deltaic. These are diagnosed, described and 
discussed below. Several can be considerably subdivided on the basis of 
detailed lithology and emplacement mechanism.
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3.1 Faciès PPF[A] Graded Sandstone and Pebbly Sandstones
Diagnosis; Tabular, medium to very thick bedded, coarse to very coarse 
lithic arkoses and feldspathic litharenites; normal graded; overlying 
erosion surface. Basal parts of beds frequently pebbly to 
paraconglomeratic; normal-graded; stratified or cross-stratified.
Description; Greenish when fresh, weathering dark brown. Substantial 
quartz at some levels. Well-rounded, unencrusted, matrix-supported 
pebbles of igneous rock forming 5-50% of rock; variety of clast types 
present, but all apparently of andesitic composition; maximum clast 
dimensions mainly in the range 5-50mm, reaching a maximum of 110mm.
Bases of individual beds sharp, but form can be planar, undulose or 
scoured. Basal scours usually pebble-lined; generally wide and shallow 
(Plate 58), but occasionally small and overhung, apparently as a 
consequence of particularly effective pothole erosion by trapped grit 
(Plate 57, figure 2). Clear, normal, coarse-tail grading in pebble size 
over basal portion of bed; less obvious distribution grading of matrix 
throughout bed. Fine lamination in basal part of bed sometimes 
parallelling outline of underlying scours. Planar medium-angle 
asymtototic cross-bedding sometimes visible in pebbly beds, particularly 
near their bases (Plate 58). Top surface of bed sometimes appearing to 
grade into PPF[B], but generally marked by distinct drop off in 
grainsize. Shallow horizontal Planolites often developed in uppermost 
part of bed; elsewhere bioturbation negligible. Macrofossil record 
largely molluscan, notably isolated oyster valves; occasional regular 
echinoid spines and coral debris in stratigraphically lower examples. 
Bedforms generated above storm wave-base (e.g. rippling, wavey bedding, 
festoon, hummocky or swaley crossbedding) entirely absent.
Subfacies: Four discernable on the basis of lithology and probable
emplacement mechanism.
PPF[A1]... Normally graded pebble-free sandstones. Classical turbidite, 
Bouma divisions A or AB.
PPF[A2]... Normally graded resedimented conglomerate. Matrix resembling 
that of PPF[A1], but including floating, normally graded pebbles.
PPF[A3]... Inverse to normally graded resedimented conglomerate. 
Resembling PPF[A2], but showing basal reverse grading and possible 
injection structures, suggesting grainflow.
PPF[A4]... Normally graded cross-stratified resedimented conglomerate. 
Resembling PPF[A2], but medium-angle cross-bedding picked out by 
pebbles, suggesting bedload transportation.
Associations: Different subfacies typically alternating with PPF[B],
overlying it erosionally, but passing up into it nonerosionally and 
sometimes gradationally (perhaps as a result of extensive 
interburrowing). Less commonly overlying another subfacies of PPF[A]. 
PPF[A2] predominates in the basal part of the Pelican Point Formation, 
with PPF[A1] slightly less common, while PPF[A3] and PPF[A4] are rare; 
all subfacies absent from the upper part of the formation.
Inferred Environment: Intermittent mass flow deposition in a "Mid-fan"
position on the submarine apron of volcanogenic clastic sediment 
surrounding an emergent arc island. Accumulation below the level of both 
fairweather and storm wave reworking; sole structures explicable by 
passage of a mass flow. Low faunal diversity suggests inhospitable
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bottom conditions, both at site of deposition and in shallow water. This 
may be related to high sedimentation rate rather than abnormal salinity, 
since depth and occurrence of echinoid spines suggests open marine 
conditions. All skeletal fauna appears to be shallow water, but none is 
demonstrably in life position and its fragmental preservation is 
consistent with redeposition. Loss of echinoderm and coral fragments 
upwards may point to increasingly restricted conditions in source area. 
The massive influxes of coarse terrigenous elastics entrained within the 
mass flow deposits suggest their generation by a storm associated with 
high terrestrial erosion rates, as is the case for present day 
hurricanes. Hurricane generation of debris flows, grain flows and 
turbidites is a well known phenomenon in the modern Caribbean (Aigner, 
1985). Predominantly horizontal burrowing suggests stable bottom 
conditions between mass flows.
The precise origin of resedimented conglomerates remains rather 
obscure, but accumulation is believed to occur in main feeder or braided 
distributary channels on the inner parts of suprafan lobes (Walker, 
1979). This is substantially in agreement with the smooth outer suprafan 
lobe setting typical of proximal turbidites like those of PPF[A1], and 
the distal channel environment in which grainflows are thought to be 
preserved. Good grading throughout the thickness of the bed suggests 
that the transport was probably by turbidity or grainflow mechanisms 
(Middleton & Hampton, 1973). Water depths over 50m.
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3.2 Faciès PPF[B] Poorly sorted, parallel-laminated
Siltstones and Very Fine Sandstones
Diagnosis: Tabular medium to very thick bedded, poorly sorted
siltstones and very fine sandstones; may be moderately burrowed 
throughout, but traces often remain of fine primary laminations parallel 
to bed boundaries.
Description: Grey to brown. Using the classification of Folk (1974),
petrography ranging from feldspar crystal arkose to feldspathic 
litharenite with very occasional well-rounded igneous pebbles.
Individual beds generally ungraded, but occasionally showing traces of 
reverse grading at their tops. Bases of units non-erosional, but tops 
often scoured prior to deposition of PPF[A]. Extensively burrowed by 
Planolites at many horizons (BI 2-5), but occasional gastropods the only 
body fossils. Marked by bedding-parallel bands of nodular calcification 
and significant calcite veining in the lower part of the Formation 
(Plate 57, figure 1).
Associations: Alternating with PPF[A] at the base of the type section.
Replaced by PPF[C] in upper part of type section.
Inferred Environment: As PPF[A]; probably Bouma DE, Total absence of
rippling may be a result of very low grain size; ripples can only form 
in silty sediments in very shallow waters where water surface effects 
are significant (Allen, P., pers com, 1979)
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3.3 Faciès PPF[C] Well sorted Medium to Coarse Sandstones
Diagnosis: Tabular, medium to very thick bedded well-sorted lithic
arkoses and feldspathic litharenites.
Description: Green when fresh but mainly weathering brown in surface
outcrop. Coarse grained, but pebble-free, lithic arkoses. Ungraded and 
massive; apparent absence of sedimentary structures probably a 
consequence of very intense burrowing (BI 5). No fauna discernable in 
poor exposures available; lithologically similar deposits within the 
lower part of the Anguilla Formation containing a low diversity 
gastropod and oyster fauna. Local nodular calcite cementation, but 
generally soft and poorly exposed.
Associations: Replacing PPF[B], and eventually also PPF[A], upwards.
Inferred Environment: Shallow marine shelf above storm wave base, and
in the case of higher examples probably also above fairweather wave 
base. Loss of storm deposits upwards probably a consequence of reworking 
under fairweather conditions. Rippling, angle of repose cross-bedding, 
and a shallow marine fauna to be expected in better preserved sections.
3.4 Facies PPF[D] Mottled Varicoloured Terrigenous Muds and
Muddy Sands
Diagnosis: Finely laminated clays, sometimes lignitic or silty.
Description: Mottled blue to pale green/grey, often ironstained.
Ferruginous cementation greatest immediately above lignite beds. No 
recognizable fossil fauna.
Associations: Very poorly exposed in isolated sections just above sea
level at the rear of Crocus Bay. Stratigraphically higher than, and 
perhaps gradational into PPF[C]. Including thin lenses of PPF[E]. 
Passing up into PPF[F].
Inferred Environment: Absence of euhaline faunal elements, as well as
association with pyritic lignites of PPF[E], suggests a restricted 
coastal environment close to sea level. Stratigraphie setting below 
PPF[E] and PPF[F] suggests prodeltaic deposition. High iron levels 
probably due to decomposition of unstable ferromagnesium minerals in 
associated litharenites, either directly or via terrestrial 
laterites/iron pans.
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3,5 Faciès PPF[E] Bedded Lignites
Diagnosis: Finely laminated sulphurous lignites.
Description: Well-laminated lignite, occasionally well exposed at beach
level in the centre of Crocus Bay (Plate 59, figure 1). Beds 
approximately planar over a few metres but, judging from local 
information, lensoidal on a larger scale. Black in colour where 
surf-washed but excavated samples brownish, sometimes even yellowish 
superficially; dull to waxy in lustre; apparently fine grained; soft; 
heavily fractured vertically; containing much finely disseminated iron 
sulphide and native suphur, giving it a strong sulphurous odour.
Analyses indicate ash contents of 10-20% and sulphur contents of 3-6%, 
supposedly as pyrites (Earle, 1925). Earlier records of fossil resin 
nodules could not be confirmed in exposures examined by the author. In 
situ plant roots not found within underlying muds of PPF[D], but 
occasional examples occur in overlying sediments. Bed bases planar or 
slightly rolling, nonerosional. Tops of beds planar where overlain by 
muds of PPF[D], somewhat irregular due to erosion where overlain by 
heavily iron-cemented, lenticular bedded sandy mud of PPF[F].
Associations: Overlying PPF[D]; overlain by PPF[F] or PPF[D].
Inferred Environment: High ash content, and the absence of in situ
plant roots (or mangrove pneumatophores) in the strata immediately 
bracketing these lignite bands, suggest that the peat from which they 
were formed was allochthonous. This is consistent with the sapropelic 
origin indicated by their waxy lustre and seemingly exinite (liptinite) 
composition. Poor oxygenation, very fine grain-size, the absence of 
macroscopic plant remains, of channelling, or any evidence for subaerial 
exposure, strongly suggest a very quiet subaqueous environment.
Shimoyama (1984) showed that the sulphur content of Japanese Paleogene 
coals reflected accessibility of seawater to the original peat. Sulphur 
levels as high as 10% have been recorded in the marine-influenced peats 
of the present day Everglades Swamp of Florida and the Okefenokee Swamp 
of Georgia, though freshwater peats in the same swamps rarely exceed 
0.2% sulphur (Casagrande et al., 1977). Because of the mineral’s 
acid-soluble character, extensive pyrite formation is neccessarily 
associated with low acidity, a characteristic of marine rather than 
freshwater swamps. Volumetric considerations dictate that the main 
source of sulphur must have been reduction of sulphate ions in seawater. 
The high suphur and pyrite levels in the lignites of the Pelican Point 
Formation strongly suggest deposition under marine littoral swamp 
conditions. Type I of Cohen (1984). Association with probable prodelta 
silty muds of PPF[D] and upward replacement by delta top sediments with 
rootlets assigned to PPF[F], indicates the precise site of deposition 
was probably a marine interdistributary bar or back-beach pond. High 
iron levels are probably due to decomposition of unstable ferromagnesium 
minerals in associated litharenites, either directly or via terrestrial 
laterites/iron pans. Such an environment of deposition is difficult to 
reconcile with Earle’s (1925) record of amber nodules within these 
lignites, though less so than the mangrove swamp environment postulated 
by other authors. Resin production is mainly associated with coniferous 
trees absent in littoral marine-influenced environments. Though 
extensive mid-Cenozoic amber deposits occur in the Greater Antilles, and 
in circum-Caribbean continental areas (Mustoe, 1985), they are rare on 
small oceanic islands lacking significant upland areas. This occurrence 
on Anguilla suggests fluvial derivation from such a highland 
environment, and is consistent with the proximity of a river delta fed 
from a fairly extensive emergent island.
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3.6 Facies PPF[F] Thinly interbedded Muds and Very Fine Sands
Diagnosis: Medium to thick units of thinly interbedded silty/sandy muds
and very fine sands, the former predominant initially, but rapidly 
becoming subsidiary upwards.
Description: Olive green to purple in colour, heavily ironstained in
places, notably above PPF[E]. Bedding varies from lenticular in lower 
examples, to flaser and finally laminar above. Visible ripples 
symmetrical, replaced upwards by pebble lined scours/channels. Basal 
parts of sequence, immediately overlying PPF[E], containing occasional 
angular lignite clasts. Bioturbation very variable (BI 1-5), but 
generally decreasing upwards. Occasional rootlet traces preserved as 
lignite surrounded by ferruginous rhizoconcretion. No other macrofossils 
visible but these sediments may be the source of Bold’s (1970) brackish 
water ostracod assemblage from Anguilla.
Associations: Overlying facies PPF[D] and PPF[E], upper contact not 
seen.
Inferred Environment: Low energy lower shoreface passing up into
moderate energy middle shoreface on wave-influenced distributary mouth 
bars of river-dominated delta. Infrequency of rootlets and absence of 
palaeosoils or evidence of dessication, suggests that the environment 
never became fully terrestrial in the section examined. Poor sorting of 
sands and absence of low angle cross-bedding, as well as lack of marine 
fossils, speak against a true wave-dominated delta, these normally being 
characterized by stacked beach ridges. Absence of herringbone cross 
bedding suggests tidal influence was very limited, consistent with 
theoretical predictions.
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4. Environmental/Geohistoric Model for the Deposition of the 
Pelican Point Formation
The unit constitutes a regressive clastic sequence on an upward 
shallowing and seaward prograding marine shelf. Initially sedimentation 
took place below storm wave base, and was dominated by massive 
storm-generated influxes of coarse terrigenous debris not previously 
present in the environment, alternating with fine grained background 
sedimentation. This pattern suggests that storm activity was associated 
with extensive contemporaneous terrestrial erosion and offshore 
transport. Hurricanes are particularly effective at transporting 
terrestrial material offshore for two main reasons. Firstly, they are 
associated with lower barometric pressures, and therefore greater storm 
surges than other storm types, producing more extensive short-term 
coastal flooding (Granger, 1985; Gentry, 1971). Secondly, they are more 
turbulent than other storm systems (Duke, 1985b) and can therefore 
create more easily the turbulent density currents necessary to carry 
coarse material offshore. Moreover, since Anguilla lay even further 
south of the winter storm belt during the Lower Miocene than it does 
today, hurricane activity constitutes the only extant storm type that 
could have affected deposition of the Pelican Point Formation. Probably 
as a result of high sedimentation rates, depth of deposition decreases 
upwards. The lowest exposed beds of the Formation generally show 
extensive sole structures, but only massive grading internally, and 
appear to have been deposited by density currents below storm wave base 
(no more than 200m for long storm waves and probably much less for 
Caribbean hurricanes at the present day). The increasing predominance of 
coarse well-sorted sands, the loss of distinct mass-flow deposits and 
the appearance of symmetrial rippling indicates shallowing into the zone 
of wave activity. Finally, the highest parts of the Formation that are 
exposed indicate decreasing energy, perhaps as a result of marine shelf 
widening due to bank edge progradation, and eventually coastal delta 
progradation into this restricted environment. Incontrovertible 
subaerial deposits are absent, but the occurrence of occasional rootlets 
in the highest strata seen suggest that deposition had effectively 
reached sea level before the commencement of the Anguilla Formation 
transgression in this region.
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APPENDIX G
Synonymies, Descriptions and Ranges of Antiguan and Anguillan Echinoid 
Taxa
Introduction
This appendix provides the full synonymies and descriptions of Antiguan 
and Anguillan echinoid faunas, whose inclusion within the thesis proper 
was prevented by the statutory word limit. Each reference in a synonymy 
is symbolically annotated to indicate the status of its inclusion, as 
recommended by Matthews (1973). The following code, slightly ammended 
from earlier authors, is utilized herein:
V = actual specimens used by author concerned seen
* = includes designation and first description of types
d = all material used by author now lost
n = nomen nudum
? = inclusion uncertain due to inadequacy of original
diagnosis/description and unavailability of authors 
material or, rarely, other systematic difficulties such 
as lack on information on intraspecific variation
(Symbols are combined as necessary)
A complete glossary incorporating definitions of new or controversial 
descriptive adjectives, quantitative echinoid characters measured and 
abbreviations is provided in Appendix A, augmenting text-figures 23-37.
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Order CIDAROIDA Claus, 1880 
Family CIDARIDAE Gray, 1825
Genus PHYLLACANTHUS Brandt, 1835
Stratigraphie and Geographic Range
Earliest confirmed records in the Lower Oligocene of Australasia but 
widespread in the Caribbean region during Upper Oligocene and Lower 
Miocene times. Presently restricted to the Indo-West Pacific. Although 
the poorly-known Maltese Upper Oligocene species "Cidaris” adamsi has in 
the past been described as a Phyllacanthus (e.g. by Rose, 1975 and 
Zammit-Maempel, 1979) it has much closer affinities to Chondrocidaris 
and Prionocidaris (Challis, 1980; Cutress, 1980), as do other 
Mediterranean records of the genus. According to Cutress (1980, p.132) 
the Caribbean Oligo-Miocene species Phyllacanthus peloria was however 
the culmination of a Darwinian lineage, earlier parts of which are 
represented by the Cretaceous and Eocene Caribbean endemics 
Prophyllacanthus leoni and Prophyllacanthus eocenicus.
PHYLLACANTHUS PELORIA (Jackson, 1922) 
Plate 73
Synonymy
1922 Cidaris peloria Jackson, p.16, pl.l (figs.2-5)
1980 Phyllacanthus peloria (Jackson), Cutress, p.131, 
pi.13 (figs.1-7)
1984 Phyllacanthus peloria (Jackson), Poddubiuk & Rose, p.119
Material
Holotype ..................  AMNH 18564/3
Paratypes ...............    AMNH 18564/2, 18564/4—5
Other Material ......   ANSP 50973, 50988
BMNH E.75629
many specimens in RHP and POD Collections, 
notably RHP 1129 and RHP 1339
Description
See Cutress (1980)
Stratigraphie and Geographic Range
Upper Oligocene of Antigua, Puerto Rico and Cuba, possibly extending 
into the lowest Miocene on the latter island.
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Genus PRIONOCIDARIS A. Agassiz, 1863
Stratigraphie and Geographic Range
First recorded in Upper Cretaceous of Europe with Middle Eocene species 
known both from the Caribbean and New Zealand and records throughout 
Tethys in the Upper Eocene. Although Mediterranean representatives are 
known as late as Pliocene times the genus is presently resticted to the 
Indo-West Pacific.
PRIONOCIDARIS CLEVEI (Cotteau, 1875) 
Plate 74 (figure 1-3)
Synonymy
V* 1875 Cidaris Clevei Cotteau, p.11, pl.l, figs. 15-16 
V* 1875 Cidaris Anguillae Cotteau, p.11, pl.l, figs. 17-18
V 1922 Cidaris clevei Cotteau, Jackson, p.20, pl.l, fig. 11
V 1922 Cidaris anguillae Cotteau, Jackson, p.15, pl.l, fig. 15 
1922 Dorocidaris clevei (Cotteau), Lambert, p.594
1922 Cidaris anguillae Cotteau, Lambert, p.594
V 1980 Prionocidaris clevei (Cotteau), Cutress, p.99,
pi.6, figs. 7-12
V 1984 Prionocidaris clevei (Cotteau), Poddubiuk & Rose, p.120
Material
Holotype .............  USNM 115400
Paratype ..............  USNM 115393
Other .................  BMNH E18254-18260,
plus additional material in RHP/POD Collections
Description
See Cutress (1980)
Stratigraphie and Geographic Range 
Lower Miocene of Anguilla.
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PRIONOCIDARIS SPINIDENTATUS (Palmer In Sanchez Roig, 1949)
Plate 74 (figures 4-6)
Synonymy
? 1902 Cidaris avenionensis Desmoulins, Lovisato, p.12
? 1902 Leiocidaris sismondai K. Mayer, Lovisato, p.12
V 1922 Cidaris sp. b, Jackson, p.19, text figs. 2-3
V 1949 Leiocidaris spinidentatus Palmer iui Sanchez Roig, p.32,
pl.l (fig.3)
1974a Prionocidaris sp. Brito & Ramires, p. 266, pl.l (fig.4), 
pi.4 (fig.4)
V 1980 Prionocidaris spinidentatus (Palmer in Sanchez Roig),
Cutress, p.87, pi.7 (figs.1-8), pi.8 (figs.1-5), 
pi.9 (figs.1-3)
V 1984 Prionocidaris spinidentatus (Palmer in Sanchez Roig),
Poddubiuk & Rose, p.119
For additional minor or doubtful references see Cutress (1980)
Material
Holotype ................ Sanchez Roig Collection Spec. 106 (not seen)
Other Material ......... USNM 232514, USNM 328232,
ANSP 50977, 50978, 50980-2, 50985 (Palmer's 
own identifications)
additional specimens in the RHP/POD Collection 
Further material not examined by the author is listed by Cutress (1980),
Description
See Cutress (1980)
Stratigraphie and Geographic Range
Upper Oligocene of Cuba and Antigua; also Lower-(?)Upper Miocene of Cuba 
and Puerto Rico according to Cutress (1980).
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Genus TRETOCIDARIS Mortensen, 1903
Stratigraphie and Geographic Range
Fossil records from Lower Miocene of Anguilla and, as Tretocidaris 
melitensis from the Upper Miocene of Malta (see discussion in Chapter 
V). Extant representatives restricted to the Caribbean and the 
mid-Atlantic islands of Ascension and St Helena.
TRETOCIDARIS ANGUILLENSIS Cutress, 1980 
Plate 75
Synonymy
V 1866a Cidaris melitensis Wright, Guppy p.299.
V 1875 Cidaris melitensis Wright, Cotteau, p.8,
pl.l, figs 1-10.
1887 Eucidaris melitensis Wright, Doderlein, p.42.
V 1922 Cidaris melitensis Wright, Jackson [part], p.21,
pl.l, figs 12-17.
? 1927 Cidaris melitensis Wright, Arnold & Clark, p.11,
pl.l, figs 12-17.
? 1933 not Cidaris melitensis Forbes, Pijpers, p.84
V* 1980 Tretocidaris anguillensis Cutress, p.59,
pi.2, figs 9-12.
V 1984 Tretocidaris anguillensis Cutress, Poddubiuk & Rose,
p.120
For additional minor references see Cutress (1980)
Material
Holotype ...............  USNM 115399a
Paratypes  ........ USNM 115399b-e
Other Material .......... BMNH E.82238
additional material in RHP and POD Collections
Description
See Cutress (1980)
Stratigraphie and Geographic Range 
Lower Miocene of Anguilla and ?Jamaica.
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Order TEMNOPLEUOIDA Mortensen, 1942 
Family TEMNOPLEURIDAE A.Agassiz 1872
Genus IRENECHINUS Fell, 1963
Stratigraphie and Geographic Range
Upper Eocene of Florida (?), Upper Oligocene of Antigua; Lower Oligocene 
to Middle Miocene of Australasia; Middle Miocene of Malta (BMNH 
E.78640).
IRENECHINUS ROSEI n.sp, 
Plate 76
Material
Proposed Holotype .............  POD 735
Proposed Paratypes ............  POD 736
Other material ................. RHP 64
Size and Shape
Test small, original maximum diameter (=TL) of known material 
9.9-28.5mm. Ambital outline subcircular, slightly subpentagonal. 
Low-domed aborally, height 40-57% TL, with broadly rounded margins and 
base of test planar in lateral profile. Adorai surfaces concave towards 
peristome, whose margin is raised by 6-15%TH. Ambital plane flat, 
22-36%TH above test base. Test thin, maximum thickness 1.1-1.9% TL.
Apical System
Poorly preserved. Apparently subcircular, serrate and dicyclic with 
large genital pores. Maximum diameter 28-29% TL.
Peristome
Very poorly preserved in all known material. Subcircular, slightly 
larger than apical system, maximum diameter 35-42% TL excluding buccal 
notches. Buccal notches distinct but shallow (depth relative to middle 
of lA c_j_ 1.7% TL, 4.3% peristome diameter; width c_^  167% depth); 
asymmetric, without marginal ridge.
Periproct
Endocyclic, subcircular, maximum diameter c . 12.5% TL, centrally located 
within apical system.
Corona
Ambulacra expanding regularly to ambitus, both aborally and adorally, at 
ambitus maximum width ambulacra 17.5-18.6% TL and 49-51% width of lA. Up 
to 13 ambulacra and 15 interambulacra primaries per plate column. 
Poriferous zone width almost constant in absolute terms at 2.8-3.2% TL;
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width relative to interporiferous zone 28-35% aborally and ambitally, 
increasing to c_j_ 47% adjacent to peristome. Inconspicuous simple 
conjugate isopores arranged in arcs of 3 throughout; plate compounding 
simple trigeminate echinoid. Ridge of epistroma curving around adapical 
and lateral margins of each pore unit. Interporiferous zones slightly 
inflated.
Ornament
Primary tubercles identical in ambulacra and interambulacra: radially 
symmetrical, imperforate and crenulate reaching a maximum diameter of
1.0mm at ambitus, of which a high ridged boss comprises 70%. Single 
ambulacral primary per trigeminate unit, located immediately perradial 
of poriferous zone and forming part of single meridional series in each 
plate column. Single interambulacral primary at centre of each 
interambulacral plate likewise forming part of single meridional series 
in each plate column. Secondary tubercles not exceeding 50% diameter of 
primaries, lying on poorly defined epistromal ridges which radiate from 
the primaries and are most strongly developed in a meridional 
orientation. Three irregular meridional series of secondaries per plate 
column perradial of primaries in ambulacra, with no naked median area.
Stratigraphie and Geographic Range 
Upper Oligocene of Antigua.
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Family TOXOPNEUSTIDAE Gray, 1825 
Genus TRIPNEUSTES L. Agassiz, 1841
Stratigraphie and Geographic Range
Lower Miocene of Japan, West Pakistan, Europe and the Lesser Antilles 
and patchily known from later Miocene and Pliocene material over the 
same pantropical range as it enjoys at the present day.
Subgenus TRIPNEUSTES (TRIPNEUSTES)
Stratigraphie and Geographic Range
Lower Miocene to Recent; pantropical. The only specimen in the British 
Museum of what is generally recognized as its earliest member, 
Tripneustes antigua, is labelled as of Eocene age, but actually 
originated, according to associated original documentation, from the 
Miocene Gaj Series.
TRIPNEUSTES (TRIPNEUSTES) sp. a 
Plate 77 (figure 4)
Material
Single fragment, BMNH E.82115, from Anguilla Formation on Anguilla.
Description
Fragment 18 by 15.5mm comprising a short section of one ambulacral 
column. Pores arranged in three vertical series, the perradial regular, 
the median and adradial somewhat irregular. Good separation and parallel 
arrangement of pore series suggests the fragment is midaboral to 
midadoral in origin and indicates that poriferous zone width was 55% 
of interporiferous zone width in this area. Size and flatness of the 
specimen suggest it came from a very large test, probably over 120mm in 
diameter. Primary and secondary tubercles similar in size. Those of 
interporiferous zone reaching at least 3.8mm in diameter and arranged in 
transverse rows. Those of poriferous zones large, consistently biggest 
between median and adradial pore series where they may reach dimeters of 
3.4mm, c^ 90% that of tubercles in the interporiferous zone. Tubercles 
between inner and medial poriferous zones reaching only 2.6mm diameter, 
c. 70% that of those in interporiferous zone and c^ 77% that of those 
between outer pore series. Sutures and plate compounding pattern not 
discernable.
Statigraphic and Geographic Range
Known only from Lower Miocene of Anguilla.
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Subgenus TRIPNEUSTES (EQTRIPNEUSTES)
Stratigraphie and Geographic Range 
Lower Miocene of Anguilla.
TRIPNEUSTES (EQTRIPNEUSTES) TINTAMARRENSIS n.sp 
Plate 77 (figures 1-3); text-figures 38, 39; 
Appendix H (Frames 23, 24)
Synonymy
V 1984 Tripneustes n.sp. Poddubiuk & Rose, p.120 
Material
Only known specimen, BMNH E.82230, the holotype, complete and 
well-preserved but somewhat flattened by vertical crushing.
Size and Shape
Test size moderate, ambital outline subcircular, slightly subpentagonal, 
maximum diameter (excluding tubercles) originally 52.5mm. Aboral surface 
low-domed, apex central, depressed adapically, original height before 
crushing estimated at 38% TL. Margin broadly rounded, ambitus 25%TH 
above test base. Adorai surface originally slightly concave, peristome 
margin raised by c_^  5%TH. Maximum test thickness at ambitus l.lmm/2.1% 
TL.
Apical System
Missing in holotype but margins clear. Rather large, outline serrate, 
marginal sutures inclined adapically; minimum diameter at test surface 
12.2% TL, maximum 13.7% TL. Shape of outline suggesting all oculars were 
exert
Peristome
Subcircular, slightly subpentagonal. Much larger than apical system, 
maximum diameter c_^  33.3% TL, excluding buccal notches, minimum 32.4%
TL. Buccal notches moderately deep, depth relative to middle of 
interambulacral column c^ 2.3% TL, 6.9% peristome diameter, equal to 
notch width, depth relative to middle of ambulacral column c . 3.7% TL,
11.1% peristome diameter. Jaws and teeth unknown
Periproct
Missing in holotype.
Corona
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Width of ambulacra relative to interambulacra increasing from apex to 
peristome, c^ 67% mid-aborally, c_^  73% ambitally, c_ 99% mid-adorally, 
c. 196% at peristome margin.
Ambulacra
Ambulacra straight, absolute width 13.6% TL mid-aborally increasing 
to maximum of c_^  25.8% TL ambitally, then reducing slowly to c_^  20.5% TL 
mid-adorally and 13.9% TL at peristome margin. Width of poriferous zones 
increasing to a maximum of c^ 7.2% TL mid-adorally; relative to that of 
interporiferous zones increasing slowly from c_^  50.7% mid-aborally to c^ 
53.9% ambitally, then rapidly to a maximum of c_^  109.2% mid-adorally, 
barely reducing to c_^  104.8% at peristome margin. In holotype, total 
number of primary ambulacral plates/pore units is 168-171, of which 
81-84 (c. 49%) are subambital. Pore units arranged in 3 meridional 
series throughout, but these increasing in regularity abapically 
(compare text-figures 38 and 39). Successive pore units arranged in 
oblique rows aborally, at c_^  45 to meridian adapically increasing to c_^  
70 at ambitus. Adorally, rows rapidly becoming almost transverse, lying 
at 85-90% to meridian. Each pore unit comprising oval isopore with 
well-developed neural groove laterally and wide attachment area;
subconjugate aborally, resembling form C2 of Smith (1978), tending to P2
adorally; inlined slightly downwards and perradially on aboral surface, 
slightly downwards adradially on adorai surface. Sutures best seen 
adorally; plates supercompounded trigeminate echinoid sensu Jensen 
(1981), with six basic triad units per supercompound mid-aborally,
reducing to 3 adorally (text-figures 38, 39); lowest plate of each triad
unit occluded from adradial suture adorally.
Interambulacra
Slightly sunken between swollen ambulacra. In holotype all plate columns 
comprising 12 plates, of which 5 or 6 are supra-ambital.
Ambulacral Tuberculation
Radially symmetrical, imperforate, noncrenulate, with large boss (c. 85% 
tubercle diameter) and mamelon, but very narrow areole and platform. 
Enlarged tubercles of interporiferous zone comprising large primaries, 
up to 4.5mm diameter aborally decreasing to Cj_ 2.0mm near peristome, and 
smaller secondaries, c_^  45% the diameter of the primaries aborally 
increasing to c_^  55% at peristome. Primaries alternating with enlarged 
secondaries in two ragged meridional columns, one on each side of the 
perradial suture, the primary of one column lying adjacent to the 
secondary of its neighbour. Remainder of ambulacral secondaries much 
finer, their diameter rarely exceeding 25% that of primary, occupying 
spaces around enlarged secondary in interporiferous zone aborally and 
between pores in poriferous zone throughout. Never more than one smaller 
secondary between laterally adjacent pores, these tending like the to 
regular vertical series adorally. No naked perradial (admedian) zone.
Interambulacral Tuberculation
Tubercles radially symmetrical, imperforate, noncrenulate with large 
mamelon and narrow poorly—defined platform but boss relatively smaller 
than in ambulacra (c_^  75% tubercle diameter) and areole correspondingly
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wider. Single primary tubercle on each plate, slightly larger (by c_^  10% 
diameter) than primary on adjacent ambulacral supercompound, reaching a 
diameter of 5.2mm mid-aborally reducing to 3.2mm mid-adorally. Primaries 
considerably larger than all secondaries on the same plate. Diameter of 
largest secondary c^ 45% that of primary aborally increasing to c_^  60% 
mid-adorally. Enlarged tubercles lying in three approximately meridional 
series per plate column (6 per interambulacrum) at ambitus, but not in 
transverse rows. Primary tubercles forming central tubercle series in 
each plate column. Five secondaries enlarged to different extents in a 
very characteristic pattern around them. First secondary to appear, and 
always the largest to the primary in size (SI) situated at 
adapical/adradial corner of plate, next largest (82) at 
adapical/perradial corner, next (S3) at adoral/adradial corner, next 
(S4) below S2 and last, barely larger than remainder of secondaries in 
space above and between primary and SI. Remainder of mamelate areolate 
secondaries very small, <13% diameter of primary, and forming an 
irregular scrobicular ring of c_^  25 tubercles around the primary 
aborally, which may also enclose S2 and S4 mid-adorally. Remainder of 
test surface occupied by fine granules c_^  0.15mm diameter. As the 
interambulacrum narrows towards the peristome, the interradial column of 
secondaries narrows and disappears more rapidly than the adradial, which 
continues, much reduced, along the outer edge of the buccal notches, 
separating them from the poriferous zone of the ambulacra. No naked zone 
interradially (admedially).
Statigraphic and Geographic Range 
Lowest Miocene of Tintamarre.
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Order ECHINOIDA Claus, 1876 
Family ECHINIDAE Gray, 1825
Genus PSAMMECHINUS L,Agassiz & Desor, 1846
Stratigraphie and Geographic Range
Earliest records in the Late Cretaceous and Paleocene of the Europe, but 
known from the Middle Eocene to Upper Miocene of North America (Cooke, 
1942, 1959), the Miocene of Venezuela (Cooke, 1961), Puerto Rico 
(Gordon, 1963) and Anguilla (herein). Presently restricted to the 
eastern North Atlantic including the Azores (Fell & Pawson, 1966; 
Marques, 1983).
PSAMMECHINUS ANGUILLENSIS n.sp. 
Plate 78; text-figure 41; 
Appendix H (Frames 25-28)
? 1958 Psammechinus martinkayei Casanova, p.22
Taxonomic Discussion
Casanova's species was never described or figured, nor was the location 
of his specimen indicated. In consequence his name must be regarded as a 
pure nomen nudum whose further use would be inappropriate.
Material
Holotype ....................  BMNH E.82074
Paratypes ......... BMNH E.82070-3
RHP 848
Size and Shape
Test small, maximum diameter (=TL) of known material 18.0-24.5mm.
Ambital online circular to subpentagonal with minimum diameter more than 
95% that of maximum. Test low-domed to subconical aborally, with broadly 
rounded margins and base of test planar in lateral profile. Height 
moderate, 40.7-61.8% TL. Ambital plane flat, 29.2-36.6%TH above test 
base. Adorai surface variably concave towards peristome, whose margin is 
raised by 2.1-12.8%TH above test base; no flattened lateral margins. 
Maximum test thickness c_^  0.4mm (2.2% TL).
Apical System
Outline subcircular, serrate, diameter 17.3-18.3% TL. Actual plates not 
preserved in known material.
Peristome
Subcircular, much larger than apical system, diameter (excluding buccal 
notches) 37.6-46.7% TL. Buccal notches moderate, shallow, subsymmetrical
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with poorly developed marginal ridge. Depth of notch 2.7-3.3% TL 
(6.5-7.4% peristome diameter) relative to middle of interambulacrum, 
apparently similar relative to middle ambulacrum; width of notch 95-110% 
depth. Lantern support structures, jaws and teeth not discernable in 
material available at time of writing.
Periproct
Not preserved.
Corona
Width of ambulacra 61-74% width of interambulacra mid-aborally, 
decreasing slightly to minimum of 60-68% ambitally before increasing 
adorally to reach a maximum or 67-81% adjacent to peristome.
Ambulacra
Ambulacra straight, reaching maximum absolute width of 21.2-22.6% TL at 
ambitus. Aborally absolute width of poriferous zones approximately 
constant being 2.6-4.5% TL mid-aborally and 3.2-4.5% TL at ambitus; 
adorally decreasing very slowly at first to reach 2.6-3.4% TL 
mid-adorally, then more rapidly between buccal notches to 1.9-3.4% TL at 
peristome margin. Poriferous zone width 19.2-38.1% width of 
interporiferous zone throughout, the ratio not displaying a consistent 
pattern of change either aborally or adorally from one individual to 
another. Number of pore unit per poriferous zone 48-51 in RHP 848, of 
which 45-49% are subambital. Pore units are simple partitioned isopores, 
inclined towards peristome perradially and arranged in arcs of three 
throughout. Plate compounding simple trigeminate echinoid with the 
adapical and adorai primary plates of the compound unit both extending 
to the adradial suture, from which the intervening primary is occluded 
(text-figure 41). Adapical primary plate of compound unit somewhat 
attenuated perradially.
Interambulacra
Flush with rest of test surface. 12 plates per column in RHP 848. Plate 
height subconstant in absolute terms so that plates becoming relatively 
much wider towards ambitus.
Ambulacral Tuberculation
Largest tubercle occupying central part of each compound plate is 
primary binding together its component elements. These primaries 
radially symmetrical, imperforate, noncrenulate, with a very narrow 
areole and platform; arranged in a single meridional series steadily 
increasing in diameter from the apex to a maximum mid-adorally of c^ 
1.0mm (5% TL). First secondary developing on the second post-ocular 
plate, adapical and slightly perradial of the primary. Subsequent aboral 
secondaries developing to the perradial and later also the adradial side 
of this first one, eventually forming a single and then a double arc 
perradially and adapically of the primary, in which the first two to 
develop are generally larger than the others. Ambitally and subambitally 
a small secondary is also developed adradially of the pore unit on the 
most adorai component plate of each compound, and often also between the
- 41 -
pore unit and the primary tubercle on the middle component plate 
(text-figure 41).
Interambulacral Tuberculation
Tubercles radially symmetrical, imperforate, noncrenulate, with areole 
and platform very narrow. Single primary developed in middle of each 
plate. Arc of much smaller secondaries with contiguous areoles 
developing adapically and interradially of primary on second post-ocular 
plate, extending adradially of it and doubling on 3rd/4th post-ocular 
plates. Little increase in tubercle number thereafter, but one or two 
secondaries interradially of primary and one or two adradial of it 
subsequently becoming enlarged relative to the others and reaching 80% 
the diameter of the primaries subambitally (while the remaining 
secondaries do not exceed 40%). Enlarged primary and secondary tubercles 
forming three or four meridional series in each plate column ambitally 
and subambitally, a single column of secondaries adradial of the primary 
and one or two less well-defined coluns interradially of it (text-figure
41).
Stratigraphie and Geographic Range
Known with certainty only from Lower Miocene of Anguilla and Tintamarre.
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Family ECHINOMETRIDAE Gray, 1825 
Genus ECHINOMETRA Gray, 1825
Stratigraphie and Geographic Range
Earliest confirmed records of genus in the Aquitanian of western Europe 
(as "Parasalenia fontannesi" by Negretti, 1984) and the Burdigalian of 
the Caribbean (herein), the Indian Eocene species thomsoni no longer 
being considered a true Echinometra (Kier, 1974). Later Miocene fossil 
records as far afield as Japan (Nisiyama, 1966); presently pantropical.
ECHINOMETRA PRISCA Cotteau, 1875 
Plate 79 (Figures 1-5); text-figure 42; 
Appendix H (Frames 29-32)
Synonymy
V 1866a Echinometra acufera Blainville, Guppy p.299
V* 1875 Echinometra prisca Cotteau, p.12, pl.l (figs.19-27)
V 1879 Echinometra prisca Cotteau, Guppy, p.195
1883 Parasalenia (Plagiechinus) prisca (Cotteau), Pomel, p.78
1909-24 Parasalenia prisca (Cotteau), Lambert & Thiery, p.269
V 1922 Echinometra prisca Cotteau, Jackson, p.25,
pl.l (figs.21-24) 
1922 Parasalenia prisca (Cotteau), Lambert, p.594 
1926 Ellipsechinus prisca (Cotteau), Sanchez Roig, p.41 
1943b Echinometra prisca Cotteau, Mortensen, p.266
1949 Echinometra prisca Cotteau, Sanchez Roig, p.41
1966 Echinometra prisca Cotteau, Fell & Pawson, p.U433
1984 Echinometra prisca Cotteau, Poddubiuk & Rose, p.120
not p.119
Material
Lectotype (designated herein) ... USNM 214166b (formerly USNM 115398b)
Paralectotypes ...................  USNM 214166a, c-h (formerly 115398c-h)
Other material ...................  USNM 115414, 224182a-g, 328222
ANSP 1077a-d 
AMNH 38501
BMNH E.18253, E.82092-4
Size and Shape
Test small, maximum diameter (=TL) 13.0-33.1mm excluding tubercles 
(largest specimen USNM 115 398). Ambital outline oval, long axis through 
ambulacrum I and lA 3, width 78.9-95.1% TL. Test height moderate,
41.5-49.4% TL, depressed aborally with broadly rounded margins and base 
of test arched upwards in lateral profile. Ambital plane flat or 
slightly arched, ambitus height 31.8-51.0%TH above local test base 
anteriorly and posteriorly, 27.5-42.0%TH at sides of test. Peristome 
margin flush or only very slightly concave within adorai margins 
laterally. Maximum test thickness 1.2% TL.
Apical System
- 43 -
Irregularly suboval, serrate, maximum diameter 21.0-26.3% TL, minimum 
diameter 72-79% maximum. Oculars cordiform, exert; madreporite enlarged, 
slightly inflated. Plates missing in all original type material but well 
seen in USNM 224182.
Peristome
Subcircular to oval, much larger than apical system, maximum diameter 
excluding buccal notches 47.0-51.4% TL, 53.4-58.1%TW; transverse 
elongation 73.6-97.9%. Buccal notches short, shallow, asymmetric, with 
well developed marginal ridges; depth relative to middle of lA column 
1.3-3.3% TL and 2.8-6.4% maximum peristome diameter, width 136-367% of 
depth. Lantern support structures, jaws and teeth not discernable in 
material available at time of writing; broken specimens examined in the 
field suggested that the auricles of the species lack the wide tag-like 
extensions of Echinometra lucunter and E. mathaei.
Periproct
Oval, elongate subparallel to test length, located centrally within 
apical system.
Corona
Width of ambulacra 57-75% width of interambulacra mid-aborally, 
decreasing to 51-66% ambitally before increasing again adorally, 
reaching 62-77% mid-adorally then remaining constant to peristome 
margin.
Ambulacra
Ambulacra straight, reaching maximum absolute width of 20.8-23.6% TL at 
ambitus. Poriferous zones essentially reaching their full absolute width 
mid-aborally, then increasing little to ambitus and not thinning 
significantly towards peristome margin, overall range 0.5-0.8mm 
(2.7-4.4% TL). Width of poriferous zone relative to interporiferous zone 
decreasing to ambitus aborally and adorally, steadily except for sudden 
increase between buccal notches; c^ 28% mid-aborally and mid-adorally, 
decreasing to c_^  22% ambitally (range 16.1-32.0%), increasing to c_j_ 69% 
(range 60.0-77.8%) at peristome margin. Number of pore units per 
poriferous zone ranging from 36-45 in the better preserved specimens 
examined of which 45% are subambital. Each pore unit comprising a 
simple partitioned isopore, inclined downwards perradially above 
ambitus, downwards adradially below it. In Anguillan material pore units 
typically arranged in arcs of 3, with simple trigeminate echinoid 
compounding (text-figure 42), sometimes with occasional arcs of 4 and 
polyporous echinoid compounding. As Jackson (1922) pointed out, USNM 
328222, a Cuban specimen otherwise identical to Echinometra prisca even 
shows 4 pores per arc and polyporous echinoid compounding throughout.
The apparent intraspecific range of 1 pore per arc is well below that 
documented even within living subspecies of Echinometra lucunter (see 
Pawson, 1978). Both the adapical and adorai component plates of each 
compound unit extending to the adradial and perradial sutures, the 
intervening component being excluded from the latter (text-figure 42).
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Interambulacra
Flush with rest of test surface; 11-14 plates per plate column in better 
preserved material.
Ambulacral Tuberculation
Single large primary tubercle occupying entire height of each compound 
plate. Primaries regularly increasing in size adambitally, both aborally 
and adorally, forming a single meridional series in each plate column, 
but alternating in a zig-zag arrangement with those of adjacent column. 
Radially symmetrical, imperforate, noncrenulate, reaching a maximum 
diameter of c_^  7.8% TL at ambitus, with boss diameter c_^  75% tubercle 
diameter. True secondary tubercle absent but occasional areolate 
miliaries, rarely exceeding 20% diameter of primary occurring 
immediately adjacent to perradial suture; no naked area perradially 
(admedially).
Interambulacral Tuberculation
All primary and secondary tubercles radially symmetrical, imperforate, 
noncrenulate, with boss poorly defined and having a diameter c_^  75% that 
of the tubercle. Single primary tubercle occupying entire height of each 
plate. Primaries increasing regularly in size adambitally to reach 
maximum diameter of c_^  8.9% TL, approximately 114% that of ambulacral 
primaries. Regular meridional series of large secondaries developing 
between the primary and adradial sutures before third post-ocular plate. 
Secondaries initially increasing rapidly in size relative to primaries, 
the diameter of the largest reaching 67% that of its associated primary 
at the ambitus, but then remaining constant to the peristome margin. One 
or two smaller, but still enlarged secondaries, not exceeding 35% 
diameter of primary, irregularly developed adjacent to
adapical/interradial sutures of each plate in the marginal region of the 
test. These typically forming 2 somewhat irregular meridional series per 
plate column, of which the perradial is the more slowly developing and 
the more rapidly lost, but the larger at the ambitus. Incomplete 
scobicular rings of areolate miliaries c_j_ 0.2mm in diameter grouped 
around primaries and secondaries.
Stratigraphie and Geographic Range
Lower Miocene of Anguilla, Puerto Rico, and Cuba. The Upper Oligocene 
record of Poddubiuk & Rose (1984) from Antigua arose from inaccurately 
located museum material and misidentification in the field of poorly 
preserved Irenechinus.
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0
Order ECHINONEIDA Jensen, 1981 
Family ECHINONEIDAE Agassiz & Desor, 1847
Genus ECHINONEUS Leske, 1778
Diagnosis
Test size small to moderate, ambital outline ovoidal, test low. Apical 
system subcentral or slightly anterior, monobasal, with 4 genital pores, 
Ambulacra narrow, not constricted, plates triad pseudocompounded, 
poriferous zones straight, slightly sunken. Peristome subcentral, 
oblique, irregular, lacking buccal notches. Periproct inframarginal, 
longitudinally elongate. Tubercles noncrenulate, perforate or 
imperforate.
Stratigraphie and Geographic Range
Probably pantropical since Late Oligocene times. Though Recent records 
from the West coast of the Americas are not yet known (Mortensen, 1948a; 
Chesher, 1972), the genus certainly occurred there in Pliocene times 
(Grant & Hertlein, 1938).
ECHINONEUS CYCLOSTOMUS Leske, 1778
Diagnosis, Synonymy and Description of Recent Material
See Mortensen (1948a), p.76 onwards. Old world fossil records of 
potentially conspecific forms are discussed by Challis (1980).
ECHINONEUS cf. CYCLOSTOMUS Leske, 1778 
Appendix H (Frames 33-34)
Synonymy of Anguillan Material
V 1875 Echinoneus sp. Cotteau, p.14, pl.l (figs.28-30)
V 1879 Echinoneus minor Leske, Guppy, p.195
1883 Echinoneus semilunaris Agassiz, Agassiz, p.90 
n 1921 Echinoneus anguillae Lambert, Lambert & Thiery, p.334
V 1922 Echinoneus cyclostomus Leske, Jackson, p.54,
pi.9 (figs.4,5)
1922 Echinoneus anguillae Lambert, p.595
V 1984 Echinoneus cf. cyclostomus Leske, Poddubiuk & Rose,
p.120
Anguillan Material (on which following description is based)
Unique specimen known ...........  USNM 115402
Size and Shape
Test small, 17.2mm in length. Ambital outline ovoidal, maximum width 
72.7% TL, 3-4% TL posterior. Test almost flat aborally, height 43.6% TL, 
subcentral or slightly posterior; margins rounded, ambitus height 40-45% 
TH. Adorai surface slightly concave around peristome.
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Peristome
Large, oblique, irregularly subovoidal. Minimum diameter 12.2% TL, 
between ambulacra I and IV; elongation 200%. Centre c. 4.4% TL anterior,
Periproct
Large, inframarginal, sublensoidal, meridionally elongate; length 27.9% 
TL, width 43.8% of its length; rear of periproct c_^  33% periproct 
length, 9.3% TL, from rear of test.
Apical System
Very poorly preserved, apparently large (length c_j_ 12% TL), monobasal 
with 4 gonopores and excentric anteriorly by Cj_ 6% TL.
Ambulacra
Nonpetaloid, straight. Absolute width greatest at ambitus, where it may 
reach nearly 14% TL; width relative to interambulacra lowest at ambitus 
where it ranges from 30% (V/5) to 56% (II/2), increasing both aborally 
and adorally but greatest at peristome margin, where it may reach nearly 
85%. Poriferous zone narrow, c_j_ 8.5% ambulacrum width, details of pore 
character not discernable. Details of plate pseudocompounding not 
discernable.
Interambulacra
Flush. No buccal notches
Tuberculation
Poorly preserved, especially aborally, but apparently uniform over test 
surface. Tubercles sunken, radially symmetrical, mean diameter c.
0.35mm. Tubercles closely packed with margins contiguous, adorai packing 
density c_j_ 700 per centimetre squared, packing efficiency 60-70%.
Stratigraphie and Geographic Range
Apparently pantropical since Lower Miocene (see discussion in Mortensen, 
1948a).
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Order CLYPEASTEROIDA A. Agassiz, 1872 
Suborder CLYPEASTERINA A. Agassiz, 1872 
Family CLYPEASTERIDAE L. Agassiz, 1835
Genus CLYPEASTER Lamarck, 1801
Statigraphic and Geographic Range
Late Middle Eocene and Upper Eocene records restricted to western 
Europe; earliest neotropical fossils of mid-Oligocene age; pantropical 
during Neogene.
CLYPEASTER BATHERI Lambert, 1915 
Plates 81, 82, 88 (figure 1); 
Appendix H (Frames 38-52)
Synonymy
? 1861
V 1895
? 1897
V 1913
1914
V 1915
V 1915
V 1915
V 1915
1915
1917
V 1922
V 1922
V 1922
1924
1927
? 1927
V 1949
? 1949
? 1949
V 1949
? 1949
? 1952a
? 1952a
? 1952a
? 1952a
V 1952a
? 1952a
? 1952a
? 1953b
V 1959
V 1984
Clypeaster parvus Michelin, p.117, pl.2a-2d 
Echinanthus antillarum (Cotteau), Gregory, p.297 
Clypeaster cotteaui Egozcue y Cia, p.40. pi.10 (figs.1-4) 
Diplothecanthus antillarum (Cotteau), Brown, p.601 
Clypeaster batheri Lambert, Lambert & Thiery, p.298 
Clypeaster parvus Michelin, Lambert, p.23 
Clypeaster lanceloatus Egozcue, Lambert, p.24 
Clypeaster cotteaui Egozcue, Lambert, p.24 
Clypeaster antillarum Cotteau, Lambert, p.25 
Clypeaster batheri Lambert, p.26, figs.3-7 
Clypeaster cf. concavus Cotteau, Kew iui Dickerson & Kew,
pi.21 (fig. 3), pi.22 (fig. 2) 
Clypeaster planipetalus Cotteau, Jackson, p.40,
pi.6 (figs.1,2)
Clypeaster cryptopetalus Jackson, p.40, pi.6 (figs.3-5) 
Clypeaster cotteaui Cotteau, Jackson, p.41, pi.6 (figs.6-8) 
Clypeaster sanrafaelensis Israelsky, p.139,pi.2 (figs.la,lb) 
Clypeaster antillarum Cotteau, Arnold & Clark, p.26,
pi.3 (fig.4), pi.4 (figs.1,2) 
Clypeaster cotteaui Egozcue, Arnold & Clark, p.26 
Clypeaster ovatus Palmer iui Sanchez Roig, p.73 
Clypeaster brodermani Sanchez Roig, p.74, pi.9 (figs.1-3) 
Clypeaster sanrafaelensis Israelsky, Sanchez Roig, p.75 
Clypeaster densus Sanchez Roig, p.90, pi.11 (figs.1-3) 
Clypeaster hernandezi Sanchez Roig, p.94, pi.50 (figs.1,2) 
 Clypeaster guadelupense Sanchez Roig, p.121, pi.6 (fig.2),
pi.10 (fig.2)
Sanchez Roig, p.126, pl.l (fig.l)
Sanchez Roig, p.126, pl.l (fig.2)
Lsus (Sanchez Roig), Sanchez Roig, p.14 
nyanus Sanchez Roig, p.134, pi.4 (fig.1-2) 
[ezi (Sanchez Roig), Sanchez Roig, p.135, 
pi.6 (fig.l)
p.139, pi.2 (fig.1,2)
Clypeaster cotteaui Egozcue, Cooke, p.37, pi.12 (figs.1-3) 
Clypeaster batheri Lambert, Poddubiuk & Rose, p.119
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Material
Holotype .........................  BMNH E.12860
Paratype .........................  BMNH E.12861
Other Material ................... extensive, see Appendix H
Size and Shape
Test size small to moderate, length in known material 40-90mm. Ambital 
outline typically subpentagonal, rarely suboval. Maximum test width 
70-90% TL, typically about 5% TL anterior. Profile depressed to 
subdepressed, with aboral surface flat to slightly wedge-shaped; 
anterior aboral camber typically 10-15°, posterior camber generally 
15—30 ; test height 20—35% TL, with apex 0-8% TL posterior. Ambitus 
25-40% TH above base of test anteriorly, decreasing to 15-35% TH 
posteriorly. Base of test raised by approximately 5% TH laterally; 
adorai surface strongly concave within rounded marginal zone, raising 
peristome above test base by 7-20% TL. No development of food grooves 
either as topographic features or variations in tubercle pattern.
Peristome
Subcircular (not pentagonal as originally described by Lambert), length 
c. 10% TL, transverse elongation < 110%; located centrally on test and 
opening vertically downwards; entirely lacking bourrelets.
Periproct
Subcircular, moderate in size, length 4-7% TL. Rear of periproct 60-110% 
of periproct length from posterior of test. Flush with surrounding test; 
submarginal or barely inframarginal, opening downwards and sometimes 
slightly posterior.
Apical System
Central; length 4-6% TL; monobasal, madreporite pentagonal or barely 
decahedral and slightly swollen; all oculars hexagonal, projecting 
beyond interambuacral points of madreporite (see Plate 82, figure 2). 
Five equal gonopores at apices of pentagonal madreporite.
Petals
All ambulacra petaloid, petals flush or very slightly inflated (maximum 
infation always < 10% maximum petal width). All petals straight. Showing 
bilateral symmetry in their character and disposition. Petal length 
typically 60-75% perradial distance from apex to ambitus. All petals 
approximately equal in absolute width but while this is 45-60% PETL in 
petals I, III and V, it may reach 70% PETL in the shorter petals II and 
IV. Maximum width of interporiferous zone c_^  45% PETW, typically 
reducing to around 65% of this distally (total range 43-100%).
Poriferous zone subequal in all petals, typically differing by 3-5%
PETL; pore spacing rather variable from one specimen to another but 
invaiably 9-20 developed pores per cm. Maximum number of tubercles on 
interpore ridges also showing individual variation from 2-6, depending 
on overall tuberculation density.
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Ambulacra and Interambulacra
Width of ambulacra relative to interambulacra rather variable typically 
200-250%.
Test Construction
Maximum test thickness typically 2.5-3% TL. Test wall single sensu 
Poddubiuk (1985). Internal support system comprising radial walls in 
interambulacra, running from the top of the adorai concayity to the gut 
trace, isolated pillars along the inner margins of the gut trace 
throughout and concentic walls parallel to the ambitus at the margin of 
the test (see Plate 88, figure 1).
Coronal Pores
Poriferous zones of petals consisting of conjugate size and shape 
anisopores; perradial pores subcircular and unfunnelled; adradial pores 
suboval, unfunnelled, divided at depth; interporal area traversed by 
shallow U-shaped groove decreasing in width and depth away from adradial 
pore to disppear just before perradial pore is reached (Plate 82, 
figures 1-3). Maximum bipore elongation c_^  950%, pore packing very 
variable, typically sparse, 10-20 pores per centimetre. Weak development 
of slightly sinuous conjugate groove, and of interporal ridges, giving 
petals a characteristically low visibility in unweathered specimens, as 
noted by Lambert (1915) in his original description of Clypeaster 
batheri and by Jackson (1922) in his diagnosis of its junior synonym, C. 
cryptopetalus.
Immediately beyond each poriferous zone, but with a quite different 
alignment, are often (but not invariably) developed a pair of 
nonconjugate non-funnelled shape anisopores with wide periporal and 
attachment areas as well as a well-developed neural groove (Plate 82, 
figure 3). Such non-respiratory bipores were considered by Egozcue 
(1897) and Jackson (1922) to be a peculiar distinguishing characteristic 
of Clypeaster cotteaui, but are equally present in the holotypes of C. 
cryptopetalus and C_j_ batheri, as well as in quite distinct species such 
as C^ oxybaphon.
Acessory tube foot microunipores 0.06-0.08mm in diameter occurring over 
entire aboral surface, though decreasing in density towards interradial 
sutures; present only in ambulacra and adradial parts of interambulacra 
adorally, but not concentrated near perradial suture; detailed 
arrangement at test surface more or less random, very rarely linear when 
following transverse sutures adorally.
Tuberculation Pattern
Tubercles perforate and crenulate, partially or completely sunken. 
Numerical data on areal variation in tubercle characters (Appendix H, 
Frame 52), demonstates aboral/adoral and anterior/posterior asymmetry in 
primary tuberculation pattern. Tubercle size and degree of sunkenness 
decreasing from adorai to aboral surface and posteriorly along test 
margins. Tubercle margins subcircular throughout, but frequently 
asymmetric in gap size, boss position and tubercle depth (=areole width 
in Clypeaster). True radial symmetry only seen on anterior margin and in 
adorai concavity; slight bimodal enhancement of mechanical advantage
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parallel to ridge axis in tubercle of petal poriferous zones, posterior 
or posterolateral enhancement eslewhere. Even adorally gap enlargement 
rarely exceeding 140%, but depth (areole) enlargement may be up to 200%. 
Miliaries invariably radially symmetrical, with contiguous areoles, 
mamelate and perforate, but lacking platform; approximately constant 
over whole of test surface in size (c. 0.25mm), packing density between 
primaries (c_j_ 2150 per square centimetre) and packing efficency between 
primaries (c^ 105%).
Although overall pattern of variation is constant for the species, there 
appears to be considerable ecotypic variation from one population to 
another; the example given in Appendix H is typical of a specimen from 
facies ANT[F]; tubercle sizes tend to be lower and packing densities 
higher for material from the muddier subfacies ANT[D2].
Stratigraphie and Geographic Range
Upper Oligocene of Antigua, Cuba, southeast U.S.A. and Mexico. Rare 
records of uncertain Cenozoic age from Jamaica.
— 51 —
Synonymy
V 1866a
V? 1875
V'*' 1875
V 1879
V 1895
7 1897
1897
? 1897
V 1913
V 1913
V 1915
V 1915
V 1917
V 1917
1917
V 1918
V 1918
V 1922
V 1922
V? 1922
1927
1942
? 1952a
? 1952a
? 1952a
V 1959
V 1963
V 1963
1974
? 1979
V 1984
V 1985
CLYPEASTER CQNCAVUS Cotteau. 1875 
Plates 83-87, 88 (figure 2); text-figures 44, 45; 
Appendix H (frames 53-79)
Michelin, Guppy, p.299
Clypeaster antillarum Cotteau, p.15, pi.2 (figs.1-3) 
Clypeaster concavus Cotteau, p.16, pi.2 (figs.4-8)
Clypeaster antillarum Cotteau, Cuppy, p.195
not Echinanthus concavus (Cotteau), Gregory, p.295
not Clypeaster antillarum Cotteau, Egozcue y Cia, p.35,
pi.7 (figs.1-3)
Clypeaster concavus Cotteau, Egozcue y Cia, p.36,
pi.7 (figs.4-8) 
not Clypeaster lanceolatus Egozcue, p.39, pi.9 (figs.1-3) 
not Diplothecanthus concavus (Cotteau), Brown, p.600 
not Diplothecanthus antillarum (Cotteau), Brown, p.601 
Clypeaster concavus Cotteau, Lambert, p.18 
Clypeaster rosaceus (Linne), Lambert, p.34 
Clypeaster lanceolatus Cotteau, Jackson, p.490,
pi.62 (figs.1,2)
Clypeaster gatuni Jackson, p.491, pi.63 (fig.l),
pi.64 (fig.l)
not Clypeaster cf. concavus Cotteau, Kew Dickerson & Kew,
pi.21 (fig.3), pi.22 (fig.2) 
Clypeaster lanceolatus Cotteau, Jackson, p.104,
pi.46 (figs.1,2)
Clypeaster gatuni Jackson, Jackson, p.105,
pi.47 (fig.l), pi.48 (fig.l) 
Clypeaster concavus Cotteau, Jackson, p.34, pi.2 (figs.10-12) 
Clypeaster lanceolatus Cotteau, Jackson, p.38, pi.4 (fig.2) 
Clypeaster antillarum Cotteau, Jackson, p.39, pi.5 (figs.1,2) 
not Clypeaster antillarum Cotteau, Arnold & Clark, p.26,
pi.3 (fig.4), pi.4 (figs.1-2) 
Clypeaster gatuni Jackson, Cooke, p.13, pl.l (fig.15) 
Clypeaster antillarum Cotteau, Sanchez Roig, p.120 
Clypeaster lanceolatus Cotteau, Sanchez Roig, p.120 
Clypeaster concavus Cotteau, Sanchez Roig, p.121
Clypeaster concavus Cotteau, Cooke, p.34,
pi.10 (figs.4-6), pi.11 (fig.5) 
Clypeaster concavus Cotteau, Cordon, p.635, text-fig.
2b, pi.77 (fig.5), pi.80 (fig.5) 
Clypeaster concavus puertoricanus Cordon, p.635,
text-fig.2a, pi.81 (figs.5,6) 
Clypeaster concavus Cotteau, Brito & Ramires, p.297,
pi.2 (fig.3)
Clypeaster concavus Cotteau, Brito, p.730, pi II (fig.5) 
Clypeaster concavus Cotteau, Poddubiuk & Rose, p.120 
Clypeaster concavus Cotteau, Poddubiuk, p.76, figs. Ic-d
For references to many unsubstantiated Cuban records see Sanchez Roig 
(1952).
Material
Designated Lectotype ...........  USMN 214154
Other material .................  extensive, see annotated synonymy and
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Appendix H
also BMNH E.2386, E.31075 and E.76153 
from Miocene of Jamaica
Size and Shape
Test size moderate to large, length 55-lOOmm in Anguillan specimens and 
reaching nearly 150mm in later populations elsewhere (see text-figure 45 
and Appendix H). Ambital outline oval to subpentagonal, maximum test 
width 77-87% TL, typically 2-5% TL anterior. Test height typically 
20-30% TL, rarely as low as 14%; apex subcentral; petaloid area normally 
inflated above flatter peripheral zone; margin thickness and roundness 
decreasing from anterior to posterior, thickness typically reducing from 
approximately 60% TH to about 45% TH; ambitus planar with height about 
one-third that of margin thickness throughout. Adorai surface moderately 
to highly concave within flattened marginal zone, though without 
development of a distinct buccal cavity; peristome raised by 5-17% TL 
(24-58% TH) above test base. Simple very shallow V-shaped food groove 
developed along perradial sutures from peristome as far as middle of 
marginal zone, accompanied by concentrations of microunipores and 
manipulatory tubercles.
Peristome
Pentagonal, length 7-12% TL, transverse elongation 100-115%; central, 
opening vertically downwards; showing no bourrelet development.
Periproct
Subcircular to oval, moderate in size, length 3.5-6% TL, transverse 
elongation 100-155%; lacking inverted rim; inframarginal, almost 
submarginal, but not quite opening vertically downwards; rear 30-85% of 
periproct length from posterior margin of test.
Apical System
Central, length 2.5-5% TL. Monobasal, madreporite stelliform with points 
of star interambulacral, slightly infated. Oculars I, II, IV and V 
hexagonal, ocular III apparently pentagonal, none projecting beyond 
interambulacral extensions of madreporite. Five equal, oval, gonopores, 
meridionally elongate 110-140%. Conopores normally in contact with 
apices of madreporite, rarely, in individuals also showing other 
evidence of abberant growth (e.g. depression of the madreporite), 
developed entirely within interambulacra out of contact with madreporite 
(Plate 87, figure 2). Only one such specimen was recorded by the author 
from a personal collection of over two hundred and another isolated 
example was responsible for Lambert's record of fossil Clypeaster 
rosaceus from Anguilla.
Petals
All ambulacra petaloid. Petals lanceolate, almost flush to highly 
inflated. Axes straight, showing bilateral symmetry of disposition with 
maximum interpetal angles of c_ 80° in the lateral interambulacra and 
minimum angles of ^  65° in the anterior paired interambulacra. Anterior
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paired petals distinctly shorter than others in absolute terms but, 
contrary to Cotteau (1875), other petals often of similar length; length 
of posterior paired petals 27.9-36.0% TL (54,4-70.0% PERL), length of 
anterior paired petals 24.0-32.2% TL (58.8-74.2% PERL), and length of 
petal III 28,9—37.3% TL (57.2—88.4% PERL). Maximum petal width 45-75% of 
petal length with petal III narrower than the posterior paired petals, 
and the anterior paired petals widest. Maximum width of interporiferous 
zone rather variable, 38-68% of petal width. Strong, often almost 
complete, closure of interporiferous zones distally. Relative closure 
typically greatest in anterior paired petals where the distal width of 
the zone may only be 5-28% of its maximum width; slightly greater, if at 
all, in the posterior paired petals (where it is 5-34% of its more 
proximal maximum), but significantly less in petal III (where it is 
8-56%). Poriferous zones very well developed, subequal in length, with 
respiratory anisopore packing 17-28 per centimetre. Maximum number of 
tubercles on interporiferous ridge 6-10.
Ambulacra and Interambulacra
Width of ambulacra 150-400% width of interambulacra at ambitus.
Test Construction
Test thickness 0.8-3.8% TL; wall construction single. Internal supports 
comprising many isolated pillars coalescing laterally along inner margin 
of gut to form concentric palisade (Poddubiuk, 1985, text-fig. Id; Plate 
87, figure 1, Plate 88, figure 2). Cut trace relatively wide even on 
left side of test.
Coronal Pores
Poriferous zones of petals consisting of conjugate size and shape 
anisopores. Maximum pore unit elongation c_^  1400% in largest specimens. 
Pore packing dense 16-28 pores per centimetre of poriferous zone. 
Perradial pores subcircular, unfunnelled; adradial pores pear-shaped, 
axial elongation c_^  190%, funnelling into interporal furrow. Pores or 
unit connected directly by straight, shallow, U-shaped interporal furrow 
of constant width, but decreasing depth perradially. Interporal ridges 
well-developed, bearing a maximum of 7-10 tubercles.
Non-respiratory bipores resembling those of batheri developed only 
very occasionally, as in USNM 561746, normally as single nonconjugate, 
funnelled, size and shape isopores, having an overall pore unit diameter 
approximately half that of the last respiratory zygopore,
Aborally accessory tube foot microunipores restricted to interporiferous 
zones of petals, and, at reduced packing density in the central part of
the ambulacra beyond them. Below the ambitus they come to cover the
entire width of the ambulacrum. Details of distribution better seen in 
larger, geologically later specimens than in Anguillan material. In ANSP 
54222 packing density decreases from c_^  380 per square centimetre in the
petal interporiferous zone to c_j_ 160 per square centimetre in the
marginal part of the ambulacrum aborally, before increasing again to 
over 400 per square centimetre adorally. Throughout the microunipores 
are arranged in long lateral series parallel to the tranverse sutures 
(Plate 86, figure 2), a similar pattern being discernable in AMNH 18577.
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Tuberculation Pattern
Tubercles perforate and crenulate, partially or completely sunken. 
Distinct adoral/aboral and anterior/posterior asymmetry in tuberculation 
pattern (text-figure 44; appendix H, frames 73, 74). Tubercle margins 
subcircular becoming subhexagonal at anterior margin and on edge of 
adorai surface where packing density and efficiency are maximized. 
Radially symmetrical on petaloid mound. Pronounced asymmetry of 
crenulation, gap width and tubercle depth (=areole width) on test 
margins and adorai surface. Tubercle gap enlarged upwards and anteriorly 
on anterior margin, but enlargement becomes posterior laterally. 
Crenulation coarser on lowest part of tubercle platforms throughout. 
Adorally tubercle asymmetry becoming even more distinct, with depth of 
tubercle, and consequently areole thickness, increasing by a factor of
1.5-2 from its anterior to its posterior. Tubercle symmetry becoming 
radial again within adorai concavity.
Stratigraphie and Geographic Distribution
Late Lower to early Middle Miocene of Anguilla, St Martin, Puerto Rico, 
Dominican Republic, Haiti, Cuba, Jamaica, Florida, Panama and Brazil.
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CLYPEASTER JULII Roman, 1952, for (Lambert, 1915)
Plates 89, 90; Appendix H (Frames 80-89)
Synonymy
n 1914 Anomalanthus gregoryi Lambert, Lambert & Thiery, p.310
V* 1915 Anomalanthus gregoryi Lambert, p.27, figs.1,2
1922 Anomalanthus gregoryi Lambert, Jackson, p.31
1949 Anomalanthus oligocenicus Sanchez Roig, p.95, pl.9 (fig.2) 
1951 Zanolettia zanoletti Sanchez Roig, p.2, pl.22 (figs.2,3) 
1952a Zanolettia gigantea Sanchez Roig, p.3, pl.12 (figs.1,2)
1952a Anomalanthus gregoryi Lambert, Sanchez Roig, p.136
1952a Anomalanthus guadeloupense Sanchez Roig, p.136,
pl.7 (fig.l), pl.15 (fig.2)
1952a Anomalanthus zanoletti Sanchez Roig, p.137,
pl.12 (figs.1,2), pl.13 (fig.l) 
1952a Anomalanthus rojasi Sanchez Roig, p.138,
pl.14 (figs.1,2), pl.16 (fig.l) 
1952a Anomalanthus elevatus Sanchez Roig, p.138,
pl.9 (fig.l,2)
V 1952 Clypeaster julii Roman, p.408
1953a Anomalanthus gigas Sanchez Roig, p.54, pl.1,2
V 1984 Clypeaster julii Roman, Poddubiuk & Rose, p.119
See Sanchez Roig (1952) for other references to Cuban specimens
Material
Holotype (by monotypy) ......... BMNH E.12942
Other ............................ see Appendix H
Size and Shape
Very large, sometimes exceeding 180mm in length. Ambital outline oval; 
maximum test width approximately 85% of test length and central. Profile 
domed to subconical with maximum height c^ 50% TL and approximately 
central; ambitus low, 15-20% TH above test base; no significant 
anterior-posterior asymmetry either in aboral test camber or ambital 
height. Adorai surface flat marginally with deep central infundibulum 
raising peristome by c^ 16% TH above base of test; absolutely no 
development of food grooves either as topographic features or as 
variations in tuberculation pattern.
Peristome
Subpentagonal, lacking bourrelets; length approximately 8% TL, 
transverse elongation c_j_ 115%; subcentral, slightly anterior.
Periproct
Subcircular, small (maximum diameter less than 4% TL); flush with 
surrounding test surface; clearly submarginal, opening vertically 
downwards just over 2 periproct lengths in front of posterior test 
margin.
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Apical System
Centre excentric anteriorly by approximately 5% TL; monobasal; 
madreporite slightly inflated, stellate with points of star 
interambulacral, length approximately 7% TL; five equal, oval, gonopores 
at apices of madreporite.
Petals
All ambulacra petaloid; all petals entirely flush. Unpaired petal 
straight, paired petals slightly curved anteriorly; petal disposition 
showing slight bilateral symmetry. Petals long, c_^  80% of perradial 
length, very wide, reaching 50% of petal length in the unpaired petal 
and approximately 65% in the anterior paired petals. Poriferous zones 
equal or subequal in length, differing by less than 5%, divergent, 
ending bluntly. Maximum width of interporiferous zone 62-72% of petal 
width, reached at or just before their distal tip; distal width of 
interporiferous zone 90-100% of its maximum width in unpaired petal III, 
97-100% in paired petals. Respiratory pore packing around 10 cm-1, with 
maximum of 7 primary tubercles on interpore ridges. Respiratory 
anisopores very elongate.
Ambulacra and Interambulacra
Maximum width of interambulacra at tips of petals; ambulacra 150-300% 
width of interambulacra at ambitus, typically 200-250%.
Test Construction
Test relatively thin, c_^ 2.5% TL, single walled; internal partition 
pattern not directly observable, but frequent crushing suggests that 
they are insubstantial.
Tuberculation Pattern
Tubercles perforate and crenulate, straight-necked mamelate, radially 
symmetrical throughout. Size and packing uniform aborally outside 
poriferous zones of petals; primaries large, c_^  0.80mm diameter, 
partially or completely sunken, regular hexagonal packing to density of 
c. 80 per centimetre squared, areal packing efficiency low, c_^  40%. 
Spaces between primary tubercles occupied by very crowded miliaries, 
typically overpacked with contiguous areoles (diameter c^ 0.24mm; 
packing density c_j_ 2500 per centimetre squared; packing efficiency c^ 
115%). In poriferous zones of petals maximum diameter of primary 
tubercles c^ 0.60mm, with overall packing density about 40 per 
centimetre squared. Tubercle size increasing subambitally to reach 
approximately 1.00mm over most of adorai surface. Packing density and 
efficiency increasing below ambitus to reach maxima of 84 per centimetre 
squared and 66% respectively on the flat adorai margins before declining 
to 72 per centimetre squared and 56% near peristome.
Stratigraphie and Geographic Distribution 
Upper Oligocene of Antigua and Cuba
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CLYPEASTER OXYBAPHON Jackson, 1922
Plates 91-94; Appendix H (frames 90-109)
Synonymy
V* 1922 Clypeaster oxybaphon Jackson, p.44, pl.7 (figs.3-4),
pl.8 (figs.1-3)
V? 1922 not Clypeaster platygaster Jackson, p.45, pl.9 (figs.1,2)
V 1942 Clypeaster oxybaphon Jackson, Cooke, p.13, pl.8 (fig.7)
1949 Clypeaster polygonalis Sanchez Roig, p.84, pl.7 (figs.1,2)
? 1949 Clypeaster pinarensis Sanchez Roig, p.86, pl.12 (figs.1,2)
V 1949 Clypeaster tenuicoronae Palmer Sanchez Roig, p.87,
pl.14 (fig.3)
? 1949 not Clypeaster profundus Sanchez Roig, p.91, pl.6 (figs.1-3) 
? 1952a Clypeaster oxybaphon Jackson, Sanchez Roig, p.122
1952a Rhaphidoclypus costulatus Sanchez Roig, p.130, pl.13 (fig.2) 
? 1952a Paratinanthus lamberti Sanchez Roig, p.132, pl.16 (fig.2)
? 1957 Clypeaster oxybaphon Jackson, Caso, p.505, (figs.6-8)
V 1959 Clypeaster oxybaphon Jackson, Cooke*, p.35, pl.11 (fig.l)
V 1963 Clypeaster oxybaphon Jackson, Gordon*, p.366, text-fig.2d,
pl.79 (figs.3,4)
V 1984 Clypeaster oxybaphon Jackson, Poddubiuk & Rose, p.119
* but not including C^ platygaster as these authors suggest
For many other unsubstantiated Cuban records see Sanchez Roig (1952).
Material
Holotype ...............  USNM 328241
Paratypes .............. USMN 328243, AMNH 18567, AMNH 18568
Other ............... .. see Appendix H
Size and Shape
Test size medium to large, length up to c_^  135mm, though specimens as 
small as 35mm quite distinguishable. Ambital outline typically Oval in 
smaller specimens, becoming subpentagonal as test size increases. Test 
width 70-90% TL, apparently correlating with sediment lithology (see 
discussion); maximum width subcentral, typically a few % anterior. Test 
low, height 14-22% TL; apex subcentral, typically a few % posterior. 
Aboral surface of test distinctly dished within swollen tumid margin, 
before rising again to shallow apical mound. Margin thickness 50-90% TH 
anteriorly, reducing to less than 90% of this posteriorly. Ambital plane 
flat; ambitus located approximately halfway up margin anteriorly, 
slightly less posteriorly. Adorai surface variably concave by 2-11% TL, 
18-70% TH, but lacking well-defined flat marginal zone. Poorly to 
moderately developed simple perradial food grooves extending 60-80% of 
distance from peristome to ambitus.
Peristome
Pentagonal, length typically 6-9% TL in adults, but may reach 15% in 
juveniles; transverse elongation slight, 100—120%; lacking bourrelets. 
Central and opening vertically downwards.
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Periproct
Typically subcircular with transverse elongation 95-110%, rarely as 
little as 65% or as much as 130%. Length 3.9-4.9% TL. Posterior of 
periproct to rear of test 70-130% periproct length.
Apical System
Subcentral, 0-7% anterior; length 3.5-6% TL; monobasal, madreporite 
stelliform, slightly inflated; oculars pentagonal; five equal, oval, 
gonopores, elongate meridionally, in contact with madreporite at 
interambulacral points of its star.
Petals
All ambulacra petaloid. Petals lanceolate to lensoidal, flush or very 
slightly inflated, inflation not exceeding 5% petal width. Straight, 
extending to base of marginal dish, angular disposition showing 
bilateral symmetry in narrow specimens, becoming radial as test width 
increases. Petal length 25-35% TL, 62-72% perradial length; unpaired 
petal longer than posterior paired petals which are in turn longer than 
anterior paired petals, relative either to test length or perradial 
length. Petal width 45-60% petal length, decreasing relative to test 
length and perradial length anteriorly. Maximum width of interporiferous 
zone 40-60% petal width, normally lowest in unpaired petal and highest 
in posterior paired petals. Petal III more open distally than paired 
petals, the distal width of its interporiferous zone typically being 
45-50% of its maximum, while in the paired petals it is usually 25-35% 
rarely as little as half these in specimens originally assigned to 
Clypeaster platygaster. Poriferous zones subequal, with anterior 
typically a few % longer than posterior in paired petals and b zone 
slightly longer than a zone in unpaired petal. Pore packing 14-21 cm-1. 
Maximum number of tubercles on interporiferous ridges 9-12.
Ambulacra and Interambulacra
Width of ambulacra relative to interambulacra very variable, 135-400%, 
increasing with size and width.
Test Construction
Maximum test thickness 1.2-2.5% TL, reached at ambitus. Outer part of 
tumid margin mostly occupied by masses of anastomosing columns in three 
or more concentric palisades, traces of which are seen on the worn 
adorai surface of the holotype (Plate 92). Inner margin of 
well-developed gut trace marked by concentric palisade of pillars with 
two radial wall extending towards peristome in central part of each 
interambulacrum, one on either side of interradial suture. This pattern 
is apparently identical to that seen in radiographs of the closely 
related Cuban species Clypeaster platygaster (Plate 95).
Coronal Pores
Poriferous zones consisting of conjugate shape and size anisopores with 
a maximum elongation of 1500-1700%. Perradial perforation subcircular,
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unfunnelled; adradial perforation undivided, oval to subrectangular, 
maximum elongation 400%, laterally funelled. Pore perforations joined 
by distinct U-shaped groove approximately as deep as wide, cenral or 
slightly displaced aborally. Up to 5 pairs of nonconjugate shape 
anisopores with well-developed neural groove sometimes developed beyond 
last respiratory zygopore.
Tuberculation Pattern
Tubercle perforate and crenulate, partially or completely sunken. 
Numerical data from areal variation given in Appendix H, on frames 103, 
108 and 109. Adoral/aboral asymmetry well-developed. Anterior posterior 
asymmetry always discernable adorally, but variably developed marginally 
and aborally. Tubercle symmetry more or less radial aborally, but with 
areole/gap elongation posterior or posteromedial adorally, except 
adjacent to food grooves where it is perradial and slightly peristomial. 
Asymmetry reflected not only in tubercle depth (=areole width) variation 
and boss asymmetry, but unusually also by asymmetry of tubercle margin 
itself. Bases of food grooves free of primary tubercles.
Stratigraphie and Geographic Range
Upper Oligocene of Antigua, Puerto Rico, Cuba, Florida and Mexico; 
possibly ranging into the lowest Miocene in the Greater Antilles.
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Suborder LAGANINA Mortensen, 1948 
Family LAGANIDAE A. Agassiz, 1873
Genus SISMONDIA Desor, 1858
Stratigraphie and Geographic Range
Widespread in Europe by early Eocene times, circumtropical in the later 
part of the Period; extinct in the Mediterranean area after Eocene 
times, but apparently surviving in the Caribbean and Indo-Pacific till 
the Miocene.
SISMONDIA ANCUILLAE Cotteau, 1875 
Appendix H (frames 35-37)
Synonymy
V* 1875 Sismondia anguillae Cotteau, p.18, pi.3 (figs.5-8)
d? 1913 Sismondia antillarum Cotteau, Brown, p.601
V 1922 Sismondia anguillae Cotteau, Jackson, p.30, pi.2 (figs.8,9)
V 1984 Sismondia anguillae Cotteau, Poddubiuk & Rose, p.120
Antiguan specimens of Brown (1913) and Jackson (1922) no longer
traceable in the collections of the ANSP.
Material
Holotype .................... USNM 115421
Size and Shape
Test small, only known specimen 10.5mm in length. Ambital outline 
subcircular, slightly oval with maximum test width 93% TL and 
subcentral. Test height c_^  33% TL, also subcentral; aboral surface 
uniformly low-domed, adorai surface flat marginally becoming concave 
towards peristome but entirely lacking food grooves. Ambital plane not 
curved, located approximately one-third of test height above test base.
Peristome
Peristome subcircular, length c_^  13% TL with transverse elongation c_^  
114% in holotype; located centrally on the adorai surface and opening 
vertically downwards.
Periproct
Periproct circular with diameter 4.8% TL. Located approximately midway 
between posterior border of test and rear of peristome, c . 23% TL and 
4.8 periproct lengths in front of the former.
Apical System
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Subcentral, slightly anterior and poorly preserved. Apparently 
trapezoidal with length Cj_ 10% TL, with gonopores clearly developed in 
interambulacra 2, 3 and 4, but definately not in interambulacrum 5.
Petals
All ambulacra petaloid; petals flush, radially disposed and similar in 
length, reaching 30-33% TL (62-71% PERL). Maximum petal widths 40-53% of 
their length with interporiferous zones comprising about 50% of this. 
Distal closure slight to negligable, with external width dropping 
distally to 70-90% of its maximum and interporiferous zone width to 
89-100% of its maximum. Respiratory pore units of petals are conjugate 
size and shape anisopores in which perradial pore is subcircular and 
adradial slit-like.
Ambulacra and Interambulacra
Width of ambulacrum 33-42% that of interambulacrum at ambitus. Beyond 
petals ambulacral pore units are small isopores
Test Construction
Not observed.
Tuberculation Pattern
Fairly uniform over of test surface. Tubercles radially symmetrical in 
plan view, sunken and very densely packed (over 550 per centimetre 
squared at the ambitus). Tubercle-size increasing and packing density 
decreasing aborally, but no anterior-posterior trends observed.
Stratigraphie and Geographic Range
Known with certainty only from the Lower Miocene of Anguilla.
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Order CASSIDULOIDA Claus, 1880 
Family ECHINOLAMPADIDAE Gray, 1851
Genus ECHINOLAMPAS Gray, 1825
Stratigraphie and Geographic Range
Earliest records from late Palaeocene strata in Egypt and Pakistan, but 
known from Morocco to India and the Swiss Alps to Madegascar in the 
Lower Eocene (Roman, 1977). First West African and neotropical records 
in Middle Eocene, but Australasian representatives not known till the 
Oligocene. Pantropical through most of the Neogene, but absent from the 
West Coast of the Americas at the present day.
ECHINOLAMPAS LYCOPERSICUS Guppy, 1866 
Plates 66, figure 2, 96, figures 1-5; 
Appendix H, frames 117-128
Synonymy
V* 1866a Echinolampas lycopersicus Guppy, p.300, pi.19 (fig.8)
V 1875 Echinolampas lycopersicus Guppy, Cotteau, p.24,
pi.3 (figs. 22-26)
V 1875 Echinolampas anguillae Cotteau, p.24, pi.4 (figs.5-8)
V 1879 Echinolampas lycopersicus Guppy, Guppy, p.196
1897 Echinolampas lycopersicus Guppy, Egozcue y Cia, p.59,
pi.19 (figs. 1-3)
V 1913 not Echinolampas anguillae Cotteau, Brown, p.600
V 1915 Echinolampas lycopersicus Guppy, Lambert, p.29
V 1915 not Echinolampas anguillae Cotteau, Lambert, p.30
1921 Echinolampas lycopersicus Guppy, Lambert & Thiery, p.584 
1921 Echinolampas anguillae Cotteau, Lambert & Thiery, p.584
V 1922 Echinolampas lycopersicus Guppy, Jackson, p.64,
pi.11 (figs.3-6) [only Anguillan material]
V 1922 Echinolampas anguillae Cotteau, Jackson, p.66,
pi.11 (figs.7-9) [not Antiguan material]
V 1922 Echinolampas lycopersicus Guppy, Lambert, p588
1926 not Echinolampas anguillae Cotteau, Sanchez Roig, p.79,
pi.11, figs.1-2
? 1927 Echinolampas lycopersicus Guppy, Arnold & Clark, p.5
1927 not Echinolampas paragoga Arnold & Clark, p.50,
pi.9 (figs.9-13)
V 1928 not Echinolampas sp. Jeannet, p.35, text-fig.11 
1958 not Echinolampas anguillae Cotteau, Casanova, p.22 
1958 Anisopetalus oliveirai Marchesini Santos, p.11,
pi.2 (figs. 1-4)
V 1959 not Echinolampas lycopersicus Guppy, Jeannet, p.196,
pl.l, pi.2 (figs.1-3), pi.3-7
V 1961 Echinolampas lycopersicus Guppy, Cooke, p.21,
pi.9 (figs.3-5) [not Trinidadian material]
V 1963 Echinolampas lycopersicus Guppy, Gordon, p.637,
text-figs.3,4, pi.80 (figs.6-9)
[but not E. (P.) torrense Sanchez Roig 
or E. paragoga Arnold & Clark]
V 1965 Echinolampas lycopersica Guppy, Roman, p.289,
text-figs. 15, 31, 32, 136 
1974 Echinolampas oliveirai (Santos), Brito & Ramires, p.268,
pi.2 (fig.5)
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1981 Echinolampas lycopersica Guppy, Brito, p.521, pl.II (fig.3)
V 1984 Echinolampas lycopersicus Guppy, Poddubiuk & Rose, p.120
See Poddubiuk & Rose (1984) for detailed listing of references to 
Anguillan specimens (and erroneous records from Antigua), Roman (1965) 
for additional minor references to other material. Although frequently 
recorded from Cuba by Sanchez Roig (see Sanchez Roig, 1953, for 
references), the species was never illustrated by him and these records 
cannot, therefore, be confirmed here. Although it is quite likely that 
the species did exist in the Cuban Miocene, examples falling entirely 
within the range of Anguillan material appear to be absent in the 
collections of Cuban material in the ANSP or AMNH.
Material
Contrary to Jackson (1922) the specimens thought to be Guppy's syntypes 
(ANSP 3358) are very poorly preserved. In view of this and the abundance 
of far better preserved material from the type locality, no lectotype is 
formally designated. Numerical data based on a sample of 40 specimens 
from a bed of coarse calcarenite within the Anguilla Formation, 
outcropping as loose boulders in Crocus Bay Anguilla, augmented by 
observations on the type material from the same source, other Anguillan 
specimens, and contemporaneous material from St Martin and Puerto Rico. 
Specimen numbers and basic data for this sample are summarized in 
Appendix H, as is comparative data for the supposed Trinidadian examples 
discussed by Jeannet (1959). In addition the description refers to many 
additional poorer specimens still in the author's own collection (e.g. 
Plate 66, figure 2).
Size and Shape
Test size moderate (mean length 44.19, SD 4.19mm, on the basis of 40 
specimens), generally less than 55mm, though reaching 75.3mm in the 
unique holotype of Echinolampas anguillae. Ambital outline subovoidal, 
never subangular or attenuated/rostrate posteriorly. Maximum width
80.2-90.3% TL, c_^  60% TL behind anterior margin. Profile moderately 
domed aborally, with greater inflation anterior of apex than posterior. 
Apex gently rounded, never subconical, test height 33.0-51.4% TL, 
subcentral, slightly anterior, just behind apical system. Test margins 
broadly rounded anteriorly, sharpening posteriorly; ambitus becoming 
relatively lower as test size increases, 32-42% TH anteriorly, declining 
to 18-28% TH posteriorly. Adorai surface slightly concave centrally 
around peristome. Ambulacra slightly swollen above adjacent 
interambulacra in interporiferous zones of petals, becoming flush 
marginally and slightly depressed, by 5-15% TH above test base, in 
central part of adorai surface, particularly in columns II-IV.
Bourrelets moderately developed, distinctly projecting into peristome 
outline in lA 2 and lA 3, barely in other interambulacra. Test thickness 
0.7-1.6mm, 1.5-3.1% TL.
Peristome
Subpentagonal, bourrelets slightly projecting in anterior paired 
interambulacra. Length 7.5-14.9% TL, width 12.0-20.9% TL, transverse 
elongation 122-207%. Slightly anterior, anterior margin of test to 
anterior margin of peristome 33.0-41.2% TL, centre of peristome
3.8-10.2% TL anterior (typically 9%). Opening vertically downwards
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within moderately developed floscelle.
Periproct
Large, transversely lensoidal, inframarginal, with tubercle bearing test 
surface sometimes slightly incurved at margin. Length 7.5-14.9% TL, 
transverse elongation 141-227%.
Apical System
Compact, slightly to moderately anterior (centre anterior by 1.7-10.1% 
TL, with mean 6.43% and SD 1.70% on the basis of 39 specimens). 
Monobasal, madreporite pentagonal, not bearing tubercles, large, length
4.0-10.2 % TL. Four equal circular gonopores, one located at point of 
madreporitic pentagon in paired ambulacra, anteriors closer together 
than posteriors; gonopores opening at test length 36-40mm; gonopore 
diameter typically large c_^  0.8mm, rarely, in about 10% of mature adults 
much smaller (e.g. BMNH E.12884, E.12906 and E.12912).
Petals
All ambulacra petaloid, petals almost straight, midline of posterior 
paired petals curving posteriorly by 0-5°, that of anterior paired 
petals curving anteriorly through 5-15 and that of petal III curving to 
the left by 0-5 . Petal disposition showing clear bilateral symmetry; 
interpetal angle I/II 85-90 , II/III 55-60°, V/I 65-75°. Petals very 
unequal relative to test length, posterior paired petals slightly longer 
than anterior paired petals (typically by c_^  2% TL), which are in turn 
substantially longer than petal III (by c_^  6% TL). Length of posterior 
paired petals 32.6-46.9% TL, length of anterior paired petals 31.6-41.0% 
TL, that of petal III 23.2-32.2% TL. One or both sets of paired petals 
distinctly wider than unpaired petal III relative to test length, though 
not relative to petal length. Width of posterior paired petals
12.2-18.3% TL and 31-48% the length of their posterior poriferous zones 
(=c. 28-45% PETL); width of anterior paired petals 10.9-17.4% TL,
29.8-46.9% petal length; width petal III 9.2-13.1% TL, 28.6-42.0% PETL. 
Interporiferous zone flush or very slightly swollen, very wide 
comprising 43-76% of maximum petal width. Petals moderately to slightly 
closed, closure normally greatest in anterior paired petals; petal width 
distally 52-81% maximum width in posterior paired petals, 45-71% in 
anterior paired petals and 48-93% in petal III. Poriferous zones very 
slightly depressed, terminating bluntly, comprising conjugate 
respiratory anisopores with a transverse elongation up to 500%. 
Anisopores orientated obliquely with circular perradial pore closer to 
ocular than large cuniform adradial pore. In posterior paired petals 
poriferous zones similarly curved, subequal to unequal, length of 
posterior poriferous zone 90.0-106.0% that of anterior poriferous zone 
(typically subequal with psterior poriferous zone a few % shorter than 
anterior). Poriferous zones of anterior petals very unequal with 
anterior 71-85% of length of posterior, narrower and usually much less 
curved. Poriferous zones of petal III subequal or slightly unequal with 
the length of lllb 95-107% that of Ilia. Number of pores per petal 
poriferous zone increasing with test size. Apparent ranges within 
population examined (with TL 35.9-53.0mm): la and Ib, 45-52 (40-47 
developed); Ila, 42-52 (37-46 developed); lib, 30-39 (24-34 developed); 
Ilia and Illb, 30-37 (25-32 developed).
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Ambulacra beyond Petals and Floscelle
Ambulacra narrow, ambulacrum 1 c.23-27% width lA 1 at ambitus, where 
ambulacrum II c.31-35% width lA 2. No widening of ambulacral columns 
adjacent to peristome. Pores single beyond petals, normally arranged in 
oblique pairs; generally visible in ambulacra II-IV but rarely in I or 
V; minute, becoming most widely space and inconspicuous subambitally on 
the test margins, before enlarging again towards the peristome in the 
slightly concave central part of the adorai surface. Enlarged phyllodal 
unipores arranged irregularly in two or sometimes three columns adjacent 
to peristome, rapidly dwindling to one centrifugally; typically 9-12 per 
poriferous zone within crowded part of phyllode, 14-17 overall with 
buccal pores larger than others (Plate 96, figure 2). Bourrelets 
moderately developed in lA 2 and lA 3, where they are widened and 
inflated, clearly indenting the peristome outline; in the other 
interambulacra their widening, inflation and indentation are barely 
perceptible.
Tuberculation
Tubercles sunken, crenulate, perforate. Covering whole of test excepting 
madreporite and poriferous zones of petals; size and packing independant 
of test length. Supra-ambitally tubercle size uniform, diameter c.
0.35mm with packing density and efficiency slightly greater in 
interporiferous zones of petals than in outside them (c . 450 per 
centimetre squared and 45% versus 400-430 per centimetre squared and 
38-42%, highest adapically). Subambitally posterolateral depth/areole 
enlargement becoming apparent with tubercle diameter increasing to c. 
0.40mm, packing density to 450 per centimetre squared and packing 
efficiency to c_^  50% on adorai margins. Within adorai concavity tubercle 
size increasing towards phyllodes, reaching a maximum of c_^  0.70mm, but 
packing density and efficiency declining to c_^  100 per centimetre 
squared and 38% respectively. Bourrelets distinguished by much finer and 
more densely packed tubercles than over rest of adorai concavity. Spaces 
between enlarged tubercles filled by fine areolate, but non-mamelate, 
miliaries.
Geographic and Stratigraphie Range
Confirmed from late Lower Miocene (Burdigalian-?Langhian) of Anguilla, 
Puerto Rico and Brazil. Widely recorded from contemporaneous strata in 
Cuba, Jamaica, Trinidad and Barbados, indicating species was essentially 
pan-Caribbean, though intraprovincial variation seems high, as would be 
expected of echinoids with non-planktotrophic larvae (see discussion). 
Surprisingly absent from the mainland of North or Central America.
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ECHINOLAMPAS SEMIORBIS Guppy, 1866 
Plates 97; text-figure 46; 
Appendix H, frames 132-145
Synonymy
d* 1866a Echinolampas semiorbis Guppy, p.299, pl.19 (fig.7)
V 1875 Echinolampas semiorbis Guppy, Cotteau, p.24,
pl.5 (figs.1,2), pl.6 (fig.l)
1881 Echinolampas semiorbis Guppy, Cotteau, p.23 
1897 Echinolampas semiorbis Guppy, Egozcue y Cia, p.55,
pl.17 (figs.l, 2)
V 1915 Echinolampas semiorbis Guppy, Lambert, p.6, p.20
V 1917 Echinolampas semiorbis Guppy, Jackson, p.498
V 1918 Echinolampas semiorbis Guppy, Jackson, p.112
V 1922 Echinolampas semiorbis Guppy, Jackson, p.58, pl.10 (figs.1-3)
? 1926 Echinolampas metrei Sanchez Roig, p.75, pl.10 (fig.7)
? 1934 Echinolampas cf. semiorbis Guppy, Weisbord, p.81,
pl.9 (figs.3-4)
V 1949 Echinolampas hemisphericus de Loriol var. cubensis.
Palmer Ijq Sanchez Roig, p. 149 
? 1949 Echinolampas semiorbis Guppy, Sanchex Roig, p.150
? 1953a Hypsoclypus fuentesi, Sanchez Roig, p.55, pl.5, pl.6 (fig. 1) 
1953a Echinolampas (Macrolampas) gigas Sanchez Roig, p.55,
pl.3 (fig.l), pis. 7, 8 
? 1953a Planilampas circularis Sanchez Roig, p.57, pl.9
V 1959 not Echinolampas (Macrolampas) semiorbis Guppy,
Jeannet, pl.6 (figs.1-4)
V 1963 Echinolampas semiorbis Guppy, Gordon, p.64, pl.81 (figs. 3, 4)
V 1965 Echinolampas semiorbis Guppy, Roman, p.298
? 1976 not Echinolampas semiorbis Guppy, Abass et al., p.91
V 1984 Echinolampas semiorbis Guppy, Poddubiuk & Rose, p.120
Only a few of the more certain Cuban synonyms are included herein, all 
are contemporaneous with Echinolampas semiorbis, which is often reported 
from the same localities.
Material
Guppy (1866a) did not nominate a type specimen when he originally 
described the species from Anguilla, or state where it or any other 
material in his possession was located. His figured specimen seems to 
have been considerably larger than that referred to as the type by 
Jackson (1922). The latter may be that figured by Cotteau (1875); 
although it is considerably more worn than Cotteau's illustration 
suggests, this may be attributable to the retouching characteristic of 
his artist. "Echinolampas (Macrolampas) semiorbis" of Jeannet (1959) is 
certainly not nonspecific with Guppy’s species; in any case his 
"redescription" on the basis of a few poor specimens from Trinidad, 
would be quite invalid given the wealth of material available from the 
Anguillan type locality. In the absence of pressing taxonomic need, and 
because it is possible that Guppy’s original figured specimen will 
eventually be recognized, no formal neotype of this abundant and 
distinctive species is designated herein. Should it become necessary at 
some future date to creat a neotype, the best choice on preservational 
grounds would probably be BMNH E.12869, illustrated herein, rather than 
the less well-presrved material previously figured by Cotteau (1875) and 
Jackson (1922).
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Most of the other material used in the description of the species is 
listed in Appendix H; other important, though poorly preserved, examples 
include Cotteau's figured material, USNM 214157 (previously USNM 115383) 
and USNM 214518 (previously USNM 115386), some 13 Anguillan individuals 
in the USNM biologic set (USNM 227775), 5 specimens from Panama (USNM 
324457-8), and Gordon's Puerto Rican material (USNM 647838 and USGS/USNM 
17252).
Size and Shape
Test large, length of known Anguillan specimens 89-119mm, though Puerto 
Rican specimens known down to c_j_ 60mm. Ambital outline oval, slightly 
subpentagonal, maximum width 86.4-96.0% TL, subcentral or posterior, 
48-57% TL behind anterior margin of test. Longitudinal and transverse 
profiles typically high-domed or hemispherical, occasionally subconical; 
apex usually at apical system; profiles lacking any significant 
anterior-posterior asymmetry. Test height 47.9-59.9% TL, subcentral or
slightly anterior, 42.5-50.3% TL behind anterior margin. Height of
ambitus constant around test margin, 10.4-23.3% TH. Margin broadly 
rounded. Adorai surface almost planar, slightly concave centrally, 
immediately around peristome, which is raised by c_^  4%TH above test
height adambitally. Ambulacra and interambulacra flush aborally, lA 5
never rostrate; interambulacra swollen in bourrelets between sunken 
phyllodes immediately adjacent to peristome, with inflation greatest in 
lA 2 and lA 3. Test thickness reaching 1.4-2.5% TL.
Peristome
Subpentagonal, length 5.2-7.9% TL, width 8.6-13.0% TL, transverse 
elongation 125-220%. Opening vertically downwards within moderately 
developed floscelle at centre of ventral surface, middle of peristome
48.5-54.5% TL in front of test’s rear margin.
Periproct
Large, transversely lensoidal, inframarginal, with flush surrounds. 
Length 6.4-7.3% TL, width 10.5-14.6% TL, transverse elongation, 
144-216%.
Apical System
Compact, monobasal. Centre subcentral, slightly anterior by 0.3-6.8% TL. 
Madreporite very large (length 4.1-5.4% TL, width 4.6-6.0% TL), slightly 
stelliform with points interambulacral. Oculars small (c. 0.7% TL long, 
c. 0.8% TL wide), hexagonal, surrounded on four sides by madreporite. 
Four circular to suboval gonopores, one in each paired ambulacrum, 
posterior pair closer together than anterior, 0.7-1.0% TL in maximum 
dimension with up to 125% meriodional elongation.
Petal:
All ambulacra petaloid. Posterior paired petals usually straight, 
occasionally curved posteriorly through up to 10°; anterior paired  ^
petals occasionally straight, usually curved anteriorly through 5-15 ^
with petal IV more curved than petal II; petal III curved through 0-20
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to left (i.e towards lA 3).^Overall petal orientation almost radial, 
interpetal angle I/II 75-85°, II/II 65-70°, V/I 60-75°. Relative to test 
length, posterior paired petals always longer than anterior paired 
petals (typically by c_^  6.4% TL), which are in turn longer than petal 
III (typically by 1.5% TL. Although a similar pattern normally 
pertains relative to perradial length, only the anterior paired petals 
are consistently longer than petal III, the relationship of either to 
the posterio paired petals being variable. Length of posterior paired 
petals 48.7-66.9% TL, 81.0-93.2% PERL; length of anterior paired petals
47.8-55.4% TL, 81.1-89.8% PERL; length of petal III 46.2-56.2%
TL,77.2-88.2% PERL. Maximum petal width 18.8-24.0% of petal length for 
all petals, distal. Interporiferous zones flush with surrounding 
interambulacra, wide, reaching 59.4-67.6% of maximum petal width; 
closing to 70-90% of their maximum width in the paired petals, 84-100% 
of it in petal III. Poriferous zones very slightly depressed, comprising 
conjugate anisopores with a transverse elongation c^ 600% throughout, 
orientated slightly oblique, with circular perradial pore slightly 
closer to ocular than large cuniform to suboval adradial pore; 
developing rapidly (with only 4-7 undeveloped pores adapically) and 
terminating bluntly. Poriferous zone length subequal in posterior paired 
petals (la 99.6-102.8% Ib) and in petal III (Ilia 100.5-102.2 Illb), 
unequal in anterior paired petals with posterior poriferous zone 
substantially longer (Ila 105.9-118.4% Ilb). Number of pores per 
poriferous zone apparently independent of size within sample examined; 
total of 82-89 pores in each poriferous zone of posterior paired petals 
(of which 3-7 are undeveloped), 79-86 (4-8 undeveloped) in Ila, 72-74 
(3-6 undeveloped) in lib and c^ 68 (6 undeveloped) in Illb.
Ambulacra and Interambulacra beyond Petals
Ambulacra much narrower than interambulacra throughout, 19-30% of their 
width at ambitus. No widening of ambulacral column towards peristome. 
Pores single beyond petals, minute and widely spaced around margin, 
enlarging and becoming more crowded towards peristome adorally to form 
long well developed, slightly depressed phyllodes (text-figure 46). 
Enlarged phyllodal unipores arranged in 3 irregular meridional columns 
adjacent to peristome, rapidly dwindling to 2 then 1; pore separation 
increasing adambitally but pore size not decreasing before the outermost 
third of the adorai surface. Buccal pores not enlarged. Bourrelets 
poorly developed, barely projecting beyond ambulacra at peristome 
margin, even where best developed in lA 2 and lA 3; bearing a finer and 
more densely packed tuberculation than rest of interambulacra.
Tuberculation
Tubercle size and packing independent of test size outside madreporite 
and poriferous zones of petals. Pattern very simple with three 
gradtional regions discernable: aboral, marginal and adorai. Numerical 
data for the three zones, based on BMNH E.18218 are summarized in 
Appendix H, frame 145).
Tubercles perforate, crenulate with very high bosses; surface detail 
typically worn. Radially symmetrical and of constant size aborally 
(diameter c_j_ 0.6mm), where they are sparsely packed (packing efficiency 
c. 44%) with intervening spaces occupied by areolate non-mamelate 
miliaries 0.18-0.20mm in diameter. On margins and particularly below 
ambitus tubercle becoming larger, c_^  0.7mm diameter, deeper and more 
efficiently hexagonal close packed (packing efficiency 62-68%, with
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platform tilted, and tubercle depth (=areole width) greater, upwards and 
posteriorly; where spaces are available between tubercles, these are 
occupied by miliaries as aborally. Tubercle size and packing similar on 
anterior and lateral margins, lowere on posterior margin. Tubercle size 
continuing to increase towards peristome adorally, but packing 
efficiency decreasing. Adorally beyond marginal zone relative boss size 
reaching a minimum of c_^  45% tubercle diameter, while posterior areole 
enlargement reaches 200%. Bourrelets distinguished by much finer, more 
densely packed tubercles with relatively large bosses.
Stratigraphie and Geographic Range
Lower Miocene (Aquitanian-Burdigalian, possibily Langhian) of Anguilla, 
Puerto Rico, Cuba and Panama.
Cotteau (1875) and Egozcue y Cia (1897) erroneously referred the species 
to the Eocene of St Barthélémy, ignoring the entirely inconsistent 
lithology of their matrix, as noted by Guppy (1879) and Jackson (1922).
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ECHINOLAMPAS sp. a 
Plate 96, figure 6; 
Appendix H, frames 146-149
Synonymy
1913 Echinolampas anguillae Cotteau, Brown, p.600
1915 Echinolampas lycopersicus Cotteau, Lambert, p.29 
1915 Echinolampas anguillae Cotteau, Lambert, p.30
1958 Echinolampas anguillae Cotteau, Casanova, p.23
1984 Echinolampas sp. Poddubiuk & Rose, p.119
Material
See Appendix H
Size and Shape
Test size large, length of known specimens 53.8-97mm. Ambital outline 
ovoidal, sometimes slightly angular posteriorly. Maximum width
80.6-92.7% TL, c_^  8% TL posterior. Low to moderately domed aborally, 
maximum height 43.4-56.2% TL, subcentral, slightly anterior, just behind 
apical system. Ambitus height variable, 20-40% TH, apparently not 
showing significant anterior-posterior variation. Interporiferous zones 
of petals slightly inflated. Adorai surface poorly preserved in all 
known specimens, slightly concave centrally with peristome raised c_^  7% 
TH above test base. Test thickness 1.4-3.4% TL.
Peristome
Poorly known. Subpentagonal with bourrelet development slight; 
relatively small, length 6.5-9.0% TL, width 10.9-12.4% TL, transverse 
elongation 126-188%. Slightly anterior; anterior margin of test to front 
of peristome 37.6-39.1% TL, centre of peristome 7.7-8.6% anterior. 
Opening vertically downwards within slightly developed floscelle.
Periproct
Poorly known, tranversely lensoidal, inframarginal, length 7,1-7.7% TL, 
transverse elongation 145-182%.
Apical System
Poorly preserved, slightly to moderately anterior, centre by 5.2-12.7%
TL (mean 9.51%, SD 2.57%, 5 specimens). Monobasal, madreporite seemingly 
pentagonal, not bearing tubercles, moderate in size (length 3.9-5.3% 
TL).Four large, equal, circular, gonopores £j_ 0.9mm in diameter, of 
which anterior pair are closer together than posterior.
Petals
All ambulacra petaloid. Petals lensoidal, essentially straight, 
orientation not radially symmetrical, interpetal angle I/II 85-90 , 
II/III c. 65°, V/I c. 65°. Petals very unequal relative to test length
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and perradial length, posterior paired petals slightly longer than 
anterior paired petals (typically by c_^  3% TL), which are in turn 
substantially longer than petal III (by c_^  7% TL). Length of posterior 
petals 35-52% TL, that of anterior paired petals 38.7-41.3% TL, and that 
of petal III 30.6-37.6% TL. Petal III slightly narrower than paired 
petals relative to test length, but not relative to petal length. Width 
posterior paired petals 9.4-13.6% TL and 22.3-34.2% PETL, that of 
anterior paired petals 9.3-15.1% TL and 28.7-37% PETL, that of petal III 
8.5-12.5% TL and 26.4-37.1% PETL. Poriferous zones poorly preserved, 
slightly depressed, ending bluntly, comprising conjugate anisopores 
resembling those of Echinolampas lycopersicus. In posterior paired 
petals, poriferous zones similar in curvature and development, equal to 
unequal in length with posterior 89-100% that of anterior (typically 
subequal with posterior zone a few % shorter than anterior). Poriferous 
zones of anterior paired petals very unequal with anterior poriferous 
zone 76.3-82.9% that of posterior, narrower (c. 75% width of posterior), 
and usually much less curved. Poriferous zones of petal III similar and 
subequal in length (differing by < 5%). Preservation normally too poor 
to allow complete pore counts, but number clearly much higher than in 
Echinolampas lycopersicus; in BMNH E.75669 (TL 77.66mm) c.70 and c_^  63 
pores respectively in poriferous zones Va and Vb.
Ambulacra beyond Petals and Floscelle
Poorly preserved. Ambulacrum width generally 20-40% interambulacrum 
width. No details of pores beyond petals.
Tuberculation
Poorly preserved, apparently similar to that of Echinolampas 
lycopersicus in smaller specimens, slightly coarser and more sparsely 
packed in larger.
Stratigraphie and Geographic Range
Known with certainty only from Upper Oligocene of Antigua.
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Order SPATANGOIDA Claus, 1876 
Suborder HEMIASTERINA Fischer, 1966 
Family PALEOPNEUSTIDAE A. Agassiz, 1904
Genus PERICOSMUS L. Agassiz, 1847
Generic Diagnosis
Test of moderate to large size, broad with anterior notch moderately 
developed; aboral surface domed, adorai surface flattened. Apical system 
subcentral or slightly anterior, ethmolytic with 3 genital pores, 
gonopore 2 undeveloped. Ambulacra I, II, IV and V petaloid; all petals 
subequal in length, slightly to moderately depressed with latest plates 
typically occluded from adradial suture. Anterior ambulacrum slightly to 
moderately depressed aborally. Only peripetalous and marginal fascioles 
present.
Taxonomic Remarks
For generic synonymy, see Mortensen (1951). Suprageneric classification 
following Chesher (1968) and Henderson (1975) rather than Fischer (1966) 
in aligning Pericosmus with Paleopneustes. Also rejected herein is 
Fischer’s subgeneric classification; his subgenera Lambertona and 
Victoriaster being classified as schizasteroids following Henderson 
(1975) and Kier (1984).
Stratigraphie and Geographic Range
Earliest known representatives in Lower Eocene of East Africa but 
Caribbean forms known since Middle Eocene times. Abundant and diverse in 
both Caribbean and Tethyan regions from Late Eocene through Middle 
Miocene times, but restricted to Indo-West Pacific at present day.
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PERICOSMUS BLANQUIZALENSIS Sanchez Roig, 1952c 
Plate 98, figures 1-3; text-figure 47 [part] 
Appendix H, frames 150-160
Synonymy
1952d Pericosmus blanquizalensis Sanchez Roig, p.21, pi.13 (fig.2)
1984 Pericosmus blanquizalensis Sanchez Roig, Kier, p.31,
text-fig.9, pi.12 (figs.9-11)
1984 Pericosmus blanquizalensis Sanchez Roig, Poddubiuk & Rose,
p.120
Material
Holotype .......... SRC 4106 [not available for examination by author]
Other material .... see Appendix H
Size and Shape
Test size moderate, test lengths of known specimens in the range 
50-80mm. Ambital outline cordiform, rounded anterolaterally, truncate 
posteriorly; broad, maximum test width 90,7-97.2% TL, subcentral, 0-2%
TL anterior; anterior notch moderate, depth 3.8-7% TL, width c_j_ 22% TL. 
Lateral and frontal profiles low to moderately domed, maximum height 
33-40% TL, subcentral, at or just behind apical system, 1% TL posterior 
to 5% TL anterior; ambitus low and subconstant in height, 10-17% TH 
above base of test anteriorly, decreasing by less than 1% TH 
posteriorly. Posterior truncation well-defined, overhanging, slightly 
concave, with width approximately twice meridional length of c^ 17% TL; 
truncation angle 40-70°. Interambulacra slightly swollen between 
moderately sunken petals aborally, but ridges not developed. Twin 
subanal swellings at margins of posterior truncation with lA 5 depressed 
between them; periproct surrounds funnel-shaped. Adorai surface almost 
flat, slightly elevated at rear of plastron. Test thin, maximum 
thickness 0.5-0.6mm (0.8-1.1% TL).
Peristome
Reniform, overall length 5-6% TL, transverse elongation 190-300%, 
opening downwards and slightly anterior. Labral overhang c^ _ 30% 
peristome length; peristome location very anterior, posterior of test to 
anterior of labrum 75-82% TL.
Periproct
Ovoidal, length 6-9% TL, transverse elongation 152-202%; opening 
posteriorly and slightly downward.
Apical System
Distinctly anterior, by c^ _ 10% TL; tetrabasal, ethmolytic; madreporite 
flush, with posterior extension very wide between other genital plates 
in larger specimens; 3 subequal oval to tear-shaped gonopores 
(meridional elongation 105-110%), no pore in genital plate 2 
(madreporite).
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Petals
Paired ambulacra petaloid, anterior ambulacrum nonpetaloid. Posterior 
petals^straight, anteriors straight or slightly curved through no more 
than 5 . Angles between anterior and posterior petals c^ 85°, between 
anterior petals c_^  125° and between posteriors c_^  65°. Petals subequal 
in length, extending over 50-64% of perradial length, typically 27-32%
TL increasing to maximum of c_^  39% TL in large highly inflated 
specimens. Narrow, width 14-22% length, with the lowest values in larger 
tests with relatively longer petals. Moderately sunken, depth 19-41% 
width, not varying consistently from anterior to posterior petals. 
Interporiferous zone narrow (maximum width 13-25% petal width), little 
closed distally (distal width 50-95% maximum width). Poriferous zone 
length equal or subequal in all petals; pore development perpendicular 
to poriferous zone axis; 22-32 developed conjugate respiratory 
anisopores per poriferous zone, increasing with petal length and test 
size; pore packing 10-18cm-l, with the highest values in smaller, 
shorter-petaled individuals. Typically 2-4 undeveloped ambulacral pores 
proximal to first true respiratory pore in each poriferous zone, 
increasing to a maximum of 8 in the largest available specimens. At 
least terminal plate of petal occluded from adradial suture by first 
ambulacral plate beyond petal; for the holotype, in which weathering has 
enhanced suture lines, Kier (1984) recorded two and a half plates 
occluded in one poriferous zone.
Anterior Ambulacrum
Nonpetaloid, 50% wider than anterior notch. Slightly sunken throughout 
but depth increasing to ambitus. Pores typically microscopic, but one 
(otherwise identical) individual, BMNH E.82237, possessing 8-9 enlarged 
clearly conjugate isopores in each poriferous zone. The latter's 
development appears to have been an aberrant response to damage of the 
paired petals at a juvenile stage, true respiratory pores being absent 
along stretches of poriferous zones lib and Va.
Ambulacra
Pores very small between petals and phyllodes, not discernable in 
specimens available to me; Kier (1984) states that in the holotype they 
are paired. Phyllodes also poorly preserved in the my material; very 
enlarged unipores with a much inflated periporal mound, apparently no 
more than 2 per poriferous zone; Kier (1984) claims 4 in ambulacrum III 
and 6 in II/IV.
Adorai Plate Arrangement
Labrum slightly convex in transverse section, not inverted into 
peristome at tip, bearing a few tubercles resembling those of the 
plastron and with miliaries crowded in thin band at anterior margin. 
Extending back to middle of second adjacent ambulacral plate, length 
10-12.5% TL, maximum width 70-80% length. Plastron long, essentially 
flat, parallel to ambital plane, composed of sternals and episternals, 
overal length 44-49% TL, maximum width across episternals, c_^  27% TL, 
Sternals bordered by amubulacral plates 2-5 from peristome; length along 
midline lA 5 30.5-32.5% TL in Anguillan specimens, c_^  34% TL in holotype 
(measured from Kier's plate 12); narrow, combined width 23-25% TL (for 
summary of width variation following the mode of Chesher, 1968, see
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Appendix I). Topography of plastron dominated by three slightly elevated 
nodes from which lines of tubercles radiate (see below). Foremost node 
on interradial suture in posterior third of sternals, the others one 
near the centre of each episternal. Details of plating in lateral 
ambulacra unclear in available Lesser Antillean material; in Cuban 
holotype first and second plates of lA 1 unpaired.
Fascioles
Unknown in holotype but well-preserved in new material from Tintamarre 
(text-figure 47). Peripetalous fasciole incomplete but sharp, mainly 
single, but splitting and branching in lA 2a and lA 3b; some branches 
barely extending into lA 2b and lA 3a before ending bluntly but no trace 
of fasciole in ambulacrum III. Moderately and angularly indented between 
petals laterally and posteriorly; distance from apical system to inner 
edge of fasciole c.19% TL in lA V, c_^  16% TL in lateral interambulacra. 
Maximum width of fasciole band adjacent to tips of anterior petals, 
0.5-0.6mm/l% TL, with 7-9 rows of miliaries; minimum width in middle of 
lateral interambulacra, c_^  0.3mm with 3-4 miliary rows. Total length of 
fasciole track 200-225% TL.
Marginal fasciole single, complete, sharp; mainly supra-ambital, 
becoming ambital in ambulacrum III and again in ambulacra I and V, but 
only subambital in lA 5 where passing below periproct along lower border 
of posterior truncation. Width relatively constant, c_^  0.7% TL with 5-10 
miliary tubercle rows, increasing considerably to 1.1% TL with 8-14 
miliary rows under periproct. Total length of fasciole track 314-315%
TL.
Tuberculation
Crenulate and perforate throughout; numerical details of different zones 
summarized on frame 160 of Appendix H, based on a specimen awaiting 
accession to the collections of the BMNH. Interporiferous zones of 
petals entirely naked, ridges between respiratory zygopores bearing only 
small radially symmetrical "secondaries", Aborally and marginally 
tubercle size and packing efficiency decreasing posteriorly. Packing 
efficiency around theoretical optimum only at anterior margin where 
areole elongation is strongly upwards; passing posteriorly around test 
margin packing efficiency drops to less than half its theoretical 
hexagonal close packed optimum and areole enlargement becomes upwards 
and posterior. Packing density higher and more or less constant 
supramarginally, but areole elongation varying from strongly 
posterolateral within peripetalous fasciole to negligible beyond it. In 
combination with their relatively larger boss size this suggests that 
the latter tubercles bore spines with a more static function than the 
former. Largest tubercles on test occurring in lateral interambulacra 
adorally, strongly elongate lateroposteriorly, but sparsely and 
inefficiently packed. Main locomotory tubercles apparently on plastron, 
where tubercle packing approaches optimal and posteromedial areole 
elongation sometimes reaches 400%. Very distinct subanal snouts bearing 
densely and efficiently packed, small, radially symmmetrical, tubercles 
with a large boss and mammelon but a very narrow areole.
Stratigraphie and Geographic Range
Upper Oligocene or Lower Miocene of Cuba; lowest Miocene of Tintamarre,
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PERICOSMUS MORTENSENI (Sanchez Roig, 1952) 
Plate 98, figure 4; text-figure 47; 
Appendix H, frames 161-171
Synonymy
1952d Antillaster mortenseni Sanchez Roig, p.20, pi.14 (figs.2,3) 
1984 Pericosmus mortenseni (Sanchez Roig), Kier, p.33,
text-fig.ll, pi.13 (figs.2,3)
Material
Holotype .......... SRC 4185 [not available for examination by author]
Other material .... listed in Appendix H
Size and Shape
Test moderate to large, lengths of known specimens 43-108mm. Ambital 
outline suboval to slightly cordiform, rounded anteriorly and laterally, 
truncate posteriorly; broad, maximum width 89-94% TL, subcentral, 
typically a few % TL anterior; anterior notch slight or absent (although 
ambital outline is always at least flattened in frontal ambulacrum), 
depth 0-3.5% TL. Test profile low to moderately domed, occasionally 
depressed in largest specimens; maximum height 26-56% TL, at apical 
system, subcentral, typically c_^  2% TL anterior; ambitus moderately 
elevated, 18-37% TH above base of test anteriorly, decreasing to 12-26% 
TH posteriorly. Interambulacra slightly swollen between slightly to 
deeply sunken petals aborally, but ridges not developed. Posterior 
truncation well-defined, slightly concave with periproct surround 
funnel-shaped, tranversely elongate with width c_^_ 150% meridional 
length, length c_^  21% TL; truncation angle 50-65%. Twin subanal 
swellings at margins of posterior truncation with lA 5 depressed between 
them. Adorai surface flat, generally crushed submarginally in Antiguan 
specimens.
Peristome
Reniform, overall length 3-4.5% TL, transversely elongate 300-350%; 
opening forwards and downwards. Labral overhang apparently 60-80% 
peristome length. Very anterior, posterior of test to anterior of labrum 
75-81% TL.
Periproct
Located at very rear of test, high on posterior truncation and 
apparently at bottom of funnel-shaped depression; details of shape not 
clearly discernable in Cuban holotype or Antiguan material, but length 
seemingly in the range 5.5-10.5% TL and transverse elongation 160-280%.
Apical System
Slightly to distinctly anterior, by 2-9% TL. Tetrabasal, ethmolytic with 
3 gonopores. No gonopore in genital 2; gonopores in genitals 1 and 4 
subcircular; gonopore in genital 3 apparently smaller, tear-shaped with 
meridional elongation c_j_ 150% in BMNH E.82174.
- 77 -
Petals
Only paired ambulacra petaloid. Petals straight or curved through less 
than 5° anteriorly; interpetal angles I/II and IV/V c_ 85°, II/IV c^ 130‘ 
and V/I c_^  60°. All petals subequal, length 32-36% TL and 55-67% of 
perradial length in Antiguan material (c^ 29% TL and Cj_ 50% perradial 
length in Cuban holotype); width 16-22% length. Petals moderately sunken 
in larger specimens but apparently more deeply so in smaller 
individuals, depth typically 22-37% petal width reaching maximum of c_^  
75%. Interporiferous zones narrow (maximum width 15-30% petal width), 
little closed distally (distal width 57-82% maximum width). Posterior 
petals of large specimen with 30-33 developed respiratory anisopores per 
poriferous zone, while anterior petals of the same individual had 29-31; 
smallest known specimen having only 21 and 20 respectively. Pore packing 
10-13cn-l, slightly decreasing with increasing size; typically 3-6 
undeveloped pores proximal to first fully developed conjugate anisopore 
in each poriferous zone. At least one and a half, and up to three and a 
half petal plates occluded from adradial suture at tips of each 
poriferous zone.
Anterior Ambulacrum
Nonpetaloid; shallowly depressed by 1.3-3.5% TL, maximum depth normally 
at ambitus. Small, generally invisible, meridionally elongat isopores 
occurring in BMNH E.82174.
Ambulacra
Pores not disecernable beyond petals in Antiguan material; phyllodes 
unknown
Adorai Plate Arrangement
Unknown in holotype and poorly preserved in Antiguan material, Labrum 
not incurved into peristome at tip, extending back to middle of second 
ambulacral plate, length 10-12% TL, maximum width 70-90% length, details 
of its tuberculation unknown. Plastron long, essentially flat and 
parallel to ambital plane, lacking raised nodes, composed of sternals 
and episternals, overall length 52-55% TL. Length sternals along midline 
of lA 5 35-40% TL, combined width low, c_^  24% TL. Details of plating in 
adjacent ambulacra not observable.
Fascioles
Peripetalous fasciole unknown in holotype but well seen in BMNH E.82164 
(see text-figure 47). Sharp, incomplete (absent in lA 2b, ambulacrum III 
and lA 3a), angularly indented between petals laterally and posteriorly. 
Distance from apical system to inner edge of fasciole c_^  22% TL in 
posterior interambulacrum, c_j_ 16% TL in lateral interambulacra. Maximum 
width at tips of petals, c_^  0.6mm (0.9% TL) with c_^  8 miliary rows; 
little reduction in lateral ambulacra, minimum width where ending 
abruptly in lA 2a, c_j_ 0.35mm with 5 miliary rows. Total fascile length 
c^ 250% TL.
Marginal fasciole poorly preserved; single, sharp, apparently complete, 
ambital, width c_^  0.7% TL laterally with c^ 5 miliary rows.
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Tuberculation
Worn away in Cuban holotype, also poorly preserved in most Antiguan 
specimens on which it is often obscured by syntaxial calcite 
"sugar-coating", but some numerical details given in Appendix H. 
Interporiferous zones apparently naked; elsewhere aborally tuberculation 
very fine, sparse, crenulate and perforate, apparently elongate 
abapically within peripetalous fasciole, radially symmetrical beyond it; 
size and packing density decreasing posteriorly and marginal. Adorai 
tuberculation unknown.
Stratigraphie and Geographic Range
Upper Oligocene or Lower Miocene of Cuba; Upper Oligocene of Antigua.
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Family SCHIZASTERIDAE Lambert, 1905
Genus SCHIZASTER L. Agassiz, 1836
Stratigraphie and Geographic Range
Earliest records in Paleocene of Europe and East Africa, but occurring 
in the neotropics by Middle Eocene times and cosmopolitan by the 
mid-Cenozoic.
Synonymy
1866a 
V* 1875 
V 1875 
1879 
1917
SCHIZASTER CLEVEI Cotteau, 1875 
Plate 99; Appendix H, frames 172-176
Schizaster scillae Agassiz, Guppy, p.301 
Schizaster clevei Cotteau, p.29, pi.5 (figs. 7, 8) 
Schizaster loveni Cotteau, p.29, pi.5 (figs. 9-13) 
Schizaster loveni Cotteau, Guppy, p.197 
not Schizaster clevei Cotteau, Dickerson & Kew,
pi.18 (figs.la-c)
V 1922 Paraster clevei (Cotteau), Jackson, p.76, pi.13 (figs. 4, 5)
[not Antiguan material]
V 1922 Paraster loveni (Cotteau), Jackson, p.77, pi.13 (figs. 4, 5)
V 1922 Schizaster loveni Cotteau, Lambert, p.592, pi.9 (fig. 4)
V 1922 Schizaster clevei Cotteau, Lambert, p.594
1922 Linthia anguillae Lambert, p.593
1924 Paraster clevei (Cotteau), Stefanini, p.836
1958 Paraster loveni (Cotteau), Casanova, p.23
? 1963 Paraster loveni (Cotteau), Gordon, p.641
V 1984 Schizaster clevei Cotteau, Poddubiuk & Rose,
V 1984 Schizaster loveni Cotteau, Poddubiuk & Rose,
p.120 
p.120
Material
Holotype (by monotypy) ..........  USNM 214172
Other material ...................  see Appendix H
Size and Shape
Test small to medium in size (mean length 33.57mm, SD 11.46mm on the 
basis of 6 samples; largest known specimen 56.00mm long). Ambital 
outline subcordiform, barely truncate; maximum test width very variable, 
78-110% TL, 0-10% TL anterior. Frontal notch slight to moderate, depth 
1-6% TL and width generally 20-25% TL; lA 2 typically a little more 
protruberant than lA 3; relative depth and asymmetry maximized in 
smallest tests. Lateral profile wedge-shaped, moderately to very high,
TH 53-82% TL, sometimes as little as 20% TL posterior. Test margin 
rounded anteriorly, subvertically truncate and slightly overhanging 
posteriorly. Posterior truncation slightly concave and with an overall 
truncation angle of 65-85°. Transverse section rounded anteriorly 
becoming globocarinate posteriorly. Ambitus height c_^  50% margin height 
throughout. Adorai surface flat in longitudinal section behind labrum; 
transverse section convex laterally becoming planar plastronally. Test 
thickness c. 1% TL.
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Peristome
Reniform; in holotype overall length c_^  7% TL and width c_^  16% TL, 
giving a transverse elongation of c_j_ 230%. Opening downwards and 
anteriorly at about 45 to ambital plane, due to inflation of adorai 
surface behind it. Labrum not incurved but labral overhang high, 50% 
in holotype. Posterior of test to anterior of labrum c. 72% TL.
Periproct
Totally missing in holotype but well seen in many other specimens. 
Elliptical, length c_j_ 7% TL, width c_^  8% TL; opening within uppermost 
third of posterior truncation, just below slight to moderate overhang 
but with immediate surrounds not otherwise incurved.
Apical System
Tetrabasal, ethmolytic, madreporite flush; total length 3-5% TL. 
Subcentral, slightly posterior by 3-15% TL. Four gonopores, circular or 
meridionally elongate oval, of unequal size. Anterior gonopores c_^  70% 
linear dimensions of posteriors and closer together; maximum diameter of 
posteriors c_^  0.60mm in mature individuals.
Petals
Only paired ambulacra petaloid. Posterior petals curved through 5-10 
posteriorly at their proximal end and up to 5° laterally at their 
distal. Anterior petals flexed anteriorly by c^ 60° proximally, becoming 
straight or almost so medially before flexing through c_j_ 30° laterally 
at their distal tips. Interpetal angles 100-115° laterally, 75-80° 
anteriorly and 50-70* posteriorly. Posterior petals always much shorter 
than anteriors relative to test length, but may be either shorter or 
longer relative to perradial length; length of posterior petals 16-28% 
TL, 40-77% PERL; length of anterior petals 30-42% TL, 59-68% PERL. Both 
posterior and anterior petals obovate, former with width 35-43% PETL, 
latter with width 17-36% PETL. In all petals sunken perradial base 
rejoining general test surface in a strong curve distally; petal depth 
rather variable, 6-23% PETL in posterior pair. Interporiferous zones 
narrow (30-38% petal width in holotype), relative width slightly greater 
in anterior than posterior petals. Distal closure of interporiferous 
zones greater in posterior than anterior petals; 42% and 48% of maximum 
repectively for petals I and V of holotype, 62% and 67% repectively for 
its petals II and IV. Poriferous zone lengths equal within each petal. 
Respiratory pores comprising conjugate size and shape anisopores (Plate 
99, figure 6); both perforations perpendicular to surrounding test 
surface, but strong divergent because of its curvature; perradial 
perforation oval, elongate by c^ 160% along same axis as pore and with 
very shallow neural groove; adradial perforation tear-shaped with 
elongation c_^  250%, joined to adradial pore by clear furrow; adjacent 
pore units separated by stereom ridges bearing up to & radially 
symmetrical tubercles. Number of developed respiratory anisopores per 
poriferous zone very variable; 13-18 in la/Vb and Ib/Va, 21-28 in 
Ila/IVb and 20-23 in Ila/IVb. Pore elongation approximately 
perpendicular to petal axis or with perradial pore slightly closer to 
test apex.
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Anterior Ambulacrum
Non-petaloid, sunken in deep rounded groove aborally, whose subvertical 
(but not overhanging) sides are formed by the adradial parts of the 
ambulacral plates and, at their tops, by parts of the adjacent 
interambulacral plates. Maximum width of groove 8.7-15.5% TL, depth 
6-10% TL. Each poriferous zone comprising a single straight series of 
some 26 oval isopores, each with a moderate axial neural groove, strong 
swelling of the periporal area between the perforations and a wide 
attachement area better developed adapically than adambitally. In 
holotype distance from apex to last enlarged isopore is approximately 
38% TL and width of interporiferous zone approximately 70% that of 
ambulacrum.
Ambulacra and Interambulacra
Six much-enlarged constricted unipores serving subanal tube feet in each 
of poriferous zones la and Vb, each having a raised periporal area and 
sunken attachment area developed with approximately radial symmetry, 
except where broken by the excentric perforation (Plate 99, figure 5). 
Adjacent pores in poriferous zones Ib and Va only slightly enlarged and 
unspecialized. Otherwise pores with a single perforation only barely 
discernable between petals and phyllodes. Phyllodal pores very large and 
distinct, with those nearest to the peristome closer together than those 
behind them; three pores per poriferous zone in ambulacra I and V, one 
per poriferous zone in ambulacrum III. Pores comprising very constricted 
unipores with a swollen periporal area on each side of the medial 
constriction; single perforation displaced adorally within 
well-developed attachment area.
Adorai Plate Arrangement
Labrum agariform, planar in LS but convex in TS; overhanging peristome 
margin but not inverted into it; with thickened rim at peristome margin 
backed by shallow hemisphical groove of the same width, both best 
developed across midline of plate; entirely lacking enlarged tubercles; 
extending back to second adjacent ambulacral plate, posterior extension 
LABL 11.1% TL in holotype. Plastron comprising sternals only; flat in 
transverse section, very gently convex in longitudinal section; lying 
parallel to the ambital plane overal, at approximately 15 to it 
anteriorly. Estimated plastron length in holotype 43% TL, maximum 
combined width c_^  36.3% TL, Periplastronal areas naked, narrow, width in 
holotype reaching a maximum of 8.1% TL centrally, decreasing to 3.6% TL 
at rear of plastron.
Fascioles
Peripetalous fasciole single, complete and generally sharp; enclosing 
whole of anterior and posterior petals as well as enlarged pores of 
anterior ambulacrum, somewhat indented within lateral interambulacra 1 
and 4. Deflected anteriorly or not in anterior ambulacrum, with 
pronounced deflection seen only in smaller speciemens; occurrence of 
similar intraspecific variation was accepted by Kier (1984) for 
Schizaster munozi (compare his figures of riveroi" and salutis" 
to those of "S. orientalis"). Distance from apical system to inner edge 
of peripetalous fasciole 11.0-15,7% TL in lA 1, 11,4-20.2% TL in lA 4,
14.6-25.9% TL in lA 5 and 40.1-56.5% TL in ambulacrum III. Maximum width
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of peripetalous fasciole track at tips of anterior petals, 0.8-2.8mm 
(3.4-6.2% TL), with 14-40 miliary rows, the highest measurement in each 
range occurring in the largest specimens; in this region the miliary 
tubercles resembling those of the fasciole may even extend diffusely 
beyond it into the distalmost part of the petal interporiferous zone. 
Secondary width maxima on peripetalous fasciole located at tips of 
posterior petals where band reaches 1.1-1.7mm (2.7-4.1% TL) with 14-26 
miliary rows. Minimal width of peripetalous fasciole track close to 
interradial sutures in lA 1, 4 and 5 where it drops to 0.3-1.2mm (
1.1-2.5% TL) with 5-21 miliary rows. Overall length of fasciole band 
approximately 58-99mm (202-332% TL).
Lateroanal fasciole sharp, single, complete. Initially paralleling 
ambitus before being deflected downwards in sharp V-shaped lobe below 
the periproct. Distance from apical system to branching point 28.4-31.7% 
TL; apical system inner edge of along midline of lateral interambulacra
23.7-31.4% TL; base of periproct to peripetalous fasciole approximately 
12% TL. Maximum width of faasciole band is below periproct, where it 
reaches c_^  0.9mm (1.9% TL) with 19 rows of miliaries in BMNH E.76121; 
minimum width 0.12-0.45mm (0.5-1.4% TL), with 2-5 miliary rows. Degree 
of fasciole development appears to have been ecologically dependant.
The abundance of large miliary tubercles occupying the spaces between 
loosely packed primaries immediately below the periproct may function as 
a pseudofasciole augmenting currents generated by the lateroanal 
fasciole.
Tuberculation
Both qualitative and quantitative patterns essentially identical to 
those described for Schizaster munozi below.
Stratigraphie and Geographic Range
Known with certainty only from Lower Miocene of Anguilla; possible 
Puerto Rican record by Gordon requires confirmation by better material,
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SCHIZASTER MUNOZI Sanchez Roig, 1949
Plate 100; Appendix H, frames 177-187
Synonymy
? 1881 Schizaster scillae Agassiz, Cotteau, p.35
? 1897 Schizaster scillae Agassiz, Egozcue y Cia, p.82,
pi.26 (figs. 4,5), pi.27 (figs. 4-6)
? 1917 Schizaster cristatus Jackson, p.499, pi.68 (figs. 2-4)
? 1917 Schizaster cristatus Jackson, Jackson, p.113,
pi.52 (figs. 2-4)
? 1922 Schizaster scillae Agassiz, Jackson, p.81
? 1925 Schizaster egozcuei Lambert dai Lambert & Thiery, p.527
1926 Schizaster egozcuei Lambert, Sanchez Roig, p.132 
1949 Schizaster munozi Sanchez Roig, p.277, pi.43 (figs. 1-3)
1949 Schizaster salutis Sanchez Roig, p.278, pi.45 (figs. 3-4)
1949 Schizaster guirensis Sanchez Roig, p.278, pi.43 (figs. 4-5) 
1949 Paraster orientalis Sanchez Roig, p.289, pi.46 (figs. 2-3)
1949 Paraster tschopi Palmer ^  Sanchez Roig, p.290, pi.46, (fig.l)
1952d Schizaster (Aplostangus) riyeroi Sanchez Roig, p.27,
pi.15 (figs. 4-5)
1984 Schizaster egozcuei Lambert, Kier, p.42, pi.18 (figs. 1-4)
1984 Schizaster munozi Sanchez Roig, Kier, p.47, figures 16-18,
pi.20 (figs. 5-8), pis.21, 22, pi.23 (fig. 1) 
V 1984 Schizaster sp. Poddubiuk & Rose, p.119
Kier (1984) provides an extensive synonymy for Schizaster munozi, 
including ^  salutis, S. guirensis, Paraster orientalis. P. tschopi and 
S. (Aplospatangus) riveroi. In the absence of much information on 
intrapopulation variation (several of these taxa are only known from 
single specimens), and separation of the records in space and time, such 
lumping of forms that are superficially distinct is invariably 
subjective, much more extensive collections being necessary to 
substantiate it. However the morphological range exhibited by the 
Antiguan populations, which appear to show considerable ecotypic 
variation from fine calcarenites to calcisiltites, supports the view 
based on his long experience.
Material
Illustrated .............. BMNH E.82199, RHP 1045
Other ....................  see Appendix H
No Cuban material was available to the author, but the known specimens 
are admirably described and illustrated by Kier (1984). Unlike the 
diagnosis of Chapter V, which includes the additional variation he has 
documented, the following description is based solely on an Antiguan 
material.
Size and Shape
Test medium-sized (mean length 43.21mm, SD 4.47mm, on basis of 6 
specimens, largest 50.34mm long). Ambital outline subcordiform, 
posteriorly truncate, broad with maximum width 91-106% TL, 4-10% TL 
anterior. Frontal notch moderate, depth 2-8% TL, lA 2 always slightly 
more protuberant than lA 3, width 18-27% TL; relative depth and 
asymmetry maximized in smallest tests. Test strongly wedge-shaped in 
lateral profile, maximum height 50-65% TL, 30-38% TL posterior; anterior
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camber of aboral surface 10-36°, posterior camber 15-35°; test margins 
rounded anteriorly and laterally, truncate posteriorly. Transverse 
sections depressed becoming globocarinate posteriorly due to strong 
ridge development in posterior interambulacrum aborally. Posterior 
truncation large, slightly elongate transversely (meridional length 
26-36% TL, width 37-41% TL, transverse elongation c_^  135%), slightly 
concave by up to 5% truncation width, subvertical to slightly 
overhanging (truncation angle 75-85°). Adorai surface flat in 
longitudinal section behind labrum, transverse section convex laterally, 
becoming planar plastronally. Test thickness 0.4-0.7mm, 1.0-1.5% TL.
Peristome
Reniform, overall length c^  ^5.7% TL, width c_^  13.2% TL, transverse 
elongation c_^  230%; opening downwards and anterior at Cj_ 45 to ambital 
plane, due to inflation adorai surface behind it. Labrum not incurved 
but labral overhang high, c_^  51% peristome length; posterior of test to 
anterior of labrum c. 71.9% TL.
Periproct
Elliptical, within top 30% of posterior truncation, just below its 
slight overhang, surrounded by lA plates 5 and 6 from peristome margin, 
Opening posteriorly and slightly downward, surrounds not incurved. 
Length c_^  6.5% TL, width c^ 7.9% TL, transverse elongation c_^  122%.
Apical System
Tetrabasal, ethmolytic, madreporite flush, total length 2.3-3.8% TL. 
Slightly posterior, anterior to middle of madreporite 54.6-62.2% TL, 
averaging 59.8% TL. Four circular gonopores of unequal size, anteriors 
60-75% diameter of posteriors and closer together, posteriors reaching 
c. 0.60mm diameter.
Petals
Only paired ambulacra petaloid. Posterior petals curved through 10-20 
posteriorly, anterior petals flexed anteriorly by c_^  60° proximally, 
becoming straight or almost so medially before flexing through c. 30° 
laterally at their tips (overall sinuousity c_j_ 10%). Interpetal angles 
100-125° laterally, 70-90° anteriorly and 40-65* posteriorly. Posterior 
petals much shorter than anteriors relative to test length or perradial 
length; length of posterior petals 14-16% TL, 33-43% perradial length, 
that of anterior petals 32-40% TL, 54-65% perradial length. Posterior 
petals obovate, width 31-43% petal length. Width of anterior petals 
similar to, or only slightly greater than, that of posterior petals in 
absolute terms, but only 15-25% of petal length. All petals sunken, base 
of petal rejoining general test surface in a strong curve distally; 
petal depth rather variable, subequal in all petals, 30-85% petal width, 
averaging 59%. Interporiferous zones narrow, relative width always 
slightly higher in anterior petals than in posteriors (31-49% maximum 
petal width in posterior petals, 30-41% in anteriors). Distal closure of 
interporiferous zones greater in posterior than anterior petals, 
reduction to 25-50% of their maximum occurring in the posterior petals, 
but only to 54-69% in the anteriors. Poriferous zone lengths equal or 
subequal within each petal. Number of developed conjugate respiratory
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anisopores varying consistently from one poriferous zone to another 
(la/Vb and Ib/Va: 11-13; Ila/IVb: 24-29; Ilb/IVa: 20-21); anterior 
poriferous zone developing more slowly than posterior in the anterior 
petals. Pore elongation approximately perpendicular to petal axis or 
with perradial pore slightly closer to test apex.
Anterior Ambulacrum
Non-petaloid, sunken aborally in deep groove with almost flat floor and 
subvertical sides, slightly overhanging and formed by adradial parts of 
ambulacral plates. Maximum width of groove 8.8-17.4% TL and maximum 
depth 5.5-10.5% TL, both situated approximately midway from apex to 
ambitus. Pores transversely elongate, arranged in single unpaired series 
down each plate column. In BMNH E.82198, each poriferous zone has the 
first 6 pores unenlarged, followed by 2 partially developed and then 30 
fully developed, with a large periporal area highly swollen between 
pores; in BMNH E.82197 apparently c_j_ 25 fully enlarged 
pores, as in the holotype. Distance from apex to last developed pore of 
anterior ambulacrum 39-43% TL.
Ambulacra
Phyllodal pores large, distinguished by massive pillar within periporal 
area adradially/adambitally. Apparently shape anisopores (see Appendix 
A) in Antiguan material, although Kier(1984) describes those of Cuban 
type material as unipores with vestigial pit at site of second pore. 
Number of developed phyllodal pores per poriferous zone in BMNH E.82199 
and, in square brackets, with those in topotype: la, Ib (and Vb, Va), 2, 
2 [2, 3]; lia (and IVb), 3 [5]; Ilb (and IVa), 4 [5]; Illa, 1 [1 or ?2]; 
Illb, 1 [1 or ?2].
Adorai Plate Arrangement
Labrum agariform, planar in LS, convex in TS, overhanging peristome 
margin but not inverted into it, with distinct thickened rim at 
peristome margin but no groove behind it, and entirely lacking primary 
tubercles. Labral plate extending back to middle of second adjacent 
ambulacral plate, length 9.7-10.2% TL in both Antiguan and Cuban 
specimens, maximum width at peristome margin 90-105% length.
Plastron comprising sternals only, extending from middle of plate 2 to 
plate 7 from peristome margin in adjacent ambulacra; almost flat, 
orientated parallel to ambital plane, not sharply elevated above 
adjacent ambulacra, rising very slightly to posteromedial tuberculation 
node. In only well exposed Antiguan specimen length of sternals along 
interradial suture 49.5% TL [v. 58% and 53% for Cuban holotype and
topotype respectively, measured from Kier’s illustrations], maximum 
combined width c^ 34% TL [v. 39% and 33% for Cuban holotype and 
topotype]. Episternal and pre-anal plates mirror images. Periplastronal 
areas naked, relatively narrow, decreasing in width posteriorly from 
9.2% to 8.3% TL in BMNH E.82118, and less than 7% TL in Cuban type 
material
Fascioles
Peripetalous fasciole sharp, single, complete; enclosing whole of
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anterior and posterior petals as well as enlarged pores of anterior 
ambulacrum; approximately straight in posterior interambulacrum, convex 
between anterior petals, deflected adambitally in ambulacrum III. 
Distance from apical system to inner edge of peripetalous fasciole
6.2-10.3% TL in lateral interambulacra, 12,7-13.3% TL in posterior lA,
43.2-45.4% TL in anterior ambulacrum. Maximum width of peripetalous 
fasciole track at tips of anterior petals, 1.5-1.9mm (3.8-4.1% TL) with 
22-26 miliary rows; secondary maximum at tips of posterior petals where 
width 1.0-1.3mm (2.6-2.9% TL), with 14-18 miliary rows; also strongly 
developed between anterior petals. Minimum width of peripetalous 
fasciole track close to interadial sutures in lA 1, 4 and 5, where it 
drops to 0.2-0.4mm (0.4-0.6% TL) with 2 or 3 miliary rows.
Lateroanal fasciole sharp, single, complete; branching from peripetalous 
fasciole at node in middle of third plate below apex in lA columns lb 
and 4a. Initially paralleling ambitus before being deflected downwards 
in posterior paired ambulacra to extend as a V-shaped lobe below the 
periproct. Distance from apical system to branching point 25.1-30.3% TL; 
apical system to inner edge of fasciole along midline of lateral 
interambulacra 20.7-28.0% TL; base of periproct to lateroanal fasciole 
c. 10.3% TL in measured Antiguan specimen, c_^ 17% in Cuban holotype. 
Fasciole width fairly uniform thickening significantly only below 
periproct and thinning only close to its junction with the peripetalous 
fasciole. Maximum width c_j_ 0.9mm (2.3% TL) with 15 rows of miliaries; 
minimum width 0.24-0.36mm (0.6-0.9% TL) with 4-6 rows of miliaries.
Tuberculation (numerical data based on BMNH E.82199)
Areas entirely naked of tuberculation including base of anterior groove, 
periplastronal areas and phyllodes; labrum and area immediately below 
periproct tubercle-free or bearing only a few isolated examples, as does 
region adjacent to perradial the perradial suture immediately beyond 
each petal. Rest of test covered by unsunken, perforate, crenulate 
tubercles. Tubercles generally increasing in size towards peristome and, 
along test margin, anteriorly. Unusually large aboral spines at edge of 
anterior groove reaching Cj_ 0.52mm by Cj_ 0.58mm, elongate upwards/away 
from groove with a relatively large boss (diameter c_^  70% that of 
tubercle) and small areole elongate c_^  200% upwards; these tubercles 
very crowded, packing density c_j_ 400 per centimetre squared, packing 
efficency c_^  90%. Over rest of aboral surface tubercles small, 
subcircular, c_^  0.25mm diameter, showing up to 500% adapical areole 
enlargement, densely packed but not crowded (packing density c_^  800 per 
centimetre squared, but packing efficiency only c_^  40%). Marginal 
tubercles showing minor areole enlargment upwards and sometimes slightly 
posterior. No strong subanal tuberculation nodes discernable. Tubercles 
of adorai margins large, c^ 0.95mm in diameter, with boss relatively 
small (c. 45% of tubercle diameter); areole enlargement up to 200%, 
laterally at front of test rapidly becoming posterolateral rearwards, 
with areolar surface tilted and crenulation enlarged posteromedially; 
packing density Cj_ 11 per centimetre squared and packing efficiency c_j_ 
55%. Plastronal tubercles smaller than largest on adorai margins, 
reaching 0.65mm by 0.90mm; areoles strongly elongate, by 400-500%, 
enlargement posteromedial near plastron edges becoming posterior 
interradially; packing density c_^  154 per centimetre squared, packing 
effiency c_^  80%.
Stratigraphie and Geographic Range
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i Late Oligocene,to^earliest Miocene of Cuba; Late Oligocene of Antigua;
rî.:. probably also mid-Cenozoic of Costa Rica (as Schizaster cristatus). ^
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Genus AGASSIZIA Agassiz & Desor, 1847
Stratigraphie and Geographic Range
Middle Eocene through Miocene fossil records in both the Mediterranean 
and Caribbean areas, with a Lower Miocene extension into the northwest 
Pacific over the Persian Gulf area. Presently restricted to the 
Caribbean and East Pacific provinces.
AGASSIZIA CLEVEI Cotteau, 1875 
Plate 101; text-figure 48; 
Appendix H, frames 188-206
Synonymy
V* 1875 Agassizia clevei Cotteau, p.33, pi.6 (figs. 2-8)
[not pi.6, (figs. 9,10)]
1887 Agassizia floridana de Loriol, p.398, pi.17 (figs. 9-9f)
? 1917 not Agassizia clevei Cotteau, Dickerson & Kew,
pi.17 (figs. la, lb)
V 1922 Agassizia clevei Cotteau, Jackson, p.71, pi.12 (figs. 5-7)
V 1928 Agassizia clevei Cotteau, Jeannet, p.14, pi.I (figs. 27-32)
?v 1928 ?Agassizia spec, indet. Jeannet, p.15, pi I (figs. 33-34)
1934 Agassizia caribbeana Weisbord, p.238, pi.8 (figs. 1-6)
1934 Agassizia camagueyana Weisbord, p.247, pi.9 (figs. 5,6)
1937 Agassizia clevei Cotteau, Jackson, p.233
V 1942 Agassizia floridana de Loriol, Cooke, p.44, pi.3 (figs. 1-4) 
1951 Agassizia floridana de Loriol, Fischer, p.73, pi.6 (figs. 3-4) 
1949 Agassizia avilensis Sanchez Roig, p.260, pi.41 (figs. 4-6, 8)
V 1959 Agassizia floridana de Loriol, Cooke, 1959, p.75,
pi.32 (figs. 1-4)
V 1963 Agassizia clevei Cotteau, Gordon, p.640, text-fig.l,
pi.80 (figs. 1-3)
V 1984 Agassizia clevei Cotteau, Kier, p.62, text-fig.23, pis.29-31
V 1984 Agassizia clevei Cotteau, Poddubiuk & Rose, p.120
Material
Lectotype ..........  USNM 214171a
Paralectotype ...... USNM 214171b
Other ............... see annotated synonymy and Appendix H
see also NUMB M572
The following description is based on a sample of 10 specimens collected 
from the type formation of Lower Miocene age, including the types; 
occasional extremes of variation outside the limits of this sample are 
indicated in square brackets.
Size and Shape
Test small, mean length of Anguillan examples 20.33mm with SD 2.21mm on 
a sample of 10 specimens, and maximum 25.0mm; an American specimen 
36.2mm long was figured by Cooke (1959) as Agassizia floridana. Ambital 
outline ovate, becoming almost subcircular with increasing test size; 
rounded anteriorly and laterally but subtruncate posteriorly, entirely 
lacking anterior notch; broad, mean width 89.05% TL (SD 4.20% TL, 10
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samples), reaching a maximum of 96.7% TL in Cooke’s A. floridana. Test 
highly inflated, subglobose, height averaging 71.11% TL (SD 5.79% TL, 10 
samples), distinctly anterior, by 2-15% TL, in front of apical system. 
Interambulacra slightly swollen between petals, angular ridging may be 
barely perceptible in lA 1 and lA 4. Margin profile broadly rounded 
anterolaterally with ambitus high, 35-40% TH above test base. Posterior 
truncation well-defined in lateral view, flat, higher than it is broad; 
meridional length c_^  40% TL, but^width only some 70% of this; almost 
vertical, truncation angle 80-85°; no subanal depressions or swellings. 
Posterior interambulacrum distinctly elevated adorally, essentially flat 
in longitudinal section but slightly convex transversely. Test very 
thin, 0.12-0.30mm, 0.8-1.2% TL.
Peristome
Slightly reniform, almost semicicular in some specimens; overall length
6-10% TL, width 16,6-18.8% TL, transverse elongation 180-280%. Labrum 
not incurved, labral overhang 7-31% peristome length. Very anterior, 
posterior test to anterior labrum 69-76% TL. Opening downwards and 
anterior at c_^  45 to ambital plane, due to inflation of posterior 
interambulacrum
Periproct
Lensoidal; size rather variable, 7-14% TL in Anguillan material, 
reaching 15% in some of Kier’s Cuban material; transverse elongation 
110-200%; opening posteriorly, 60-90% up posterior truncation; surrounds 
flush.
Apical System
Total length 6.5-8.5% TL. Distinctly posterior; front of test to centre 
of apical system 54.6-64.5% TL in Anguillan population, averaging 59%
TL. Tetrabasal, ethmolytic, madreporite flush with posterior extension 
consistently c_^  40% length of apical system. Four gonopores, circular or 
subcircular, equal or subequal, large with diameter c_^ 28% width of 
apical system.
Petals
Only paired ambulacra petaloid. All petals curved anteriorly through Cj_ 
10 ; all interpetal angles c_^  90°, with angles between anterior and 
posterior petals sometimes reaching 95°. Posterior petals considerably 
shorter than anteriors relative to TL and perradial length. In Anguillan 
sample length of posterior petals 17-25% TL (averaging 20.5%), 39-55% 
perradial length (averaging 43.3%); length of anterior petals 35-47% TL 
(averaging 45.4%), 50-80% perradial length (averaging 67.8%). In 
anterior petals, only posterior poriferous zone normally showing 
conjugate respiratory anisopore development, and therefore consituting 
whole width of petal, c_j_ 10% of its length, flush or slightly sunken. In 
larger Anguillan specimens, 18-20 developed pore units occurring within 
it, orientated with long axis perpendicular to poriferous zone axis; 
perforation character distinctive, perradial perforation oval and large, 
adradial one smaller, slit-like, orientated obliquely with adradial end 
more distal to perradial. Anterior poriferous zones of anterior petals 
normally comprising very small non-elongate, nonconjugate isopores
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throughout, though slight development may rarely occur distally in 
association with incomplete development of a posterior poriferous zone 
(e.g. in BMNH E.82118). Poriferous zones of posterior petals subequal in 
length, but with width increasing more slowly in anterior than 
posterior, to a maximum in the former less than 90% of that in the 
latter. Respiratory pores of posterior petals invariably elongate and 
conjugate when developed, apparently varying from oval or ovoidal 
isopores to anisopores resembling those of anterior petals, depending on 
individual; typically 9-12 fully developed in posterior poriferous zone,
7-9 in anterior poriferous zone. Posterior petals broad, flush or 
slightly sunken, maximum width 29-49% of petal length, depth not 
exceeding 13% petal width; maximum width of interporiferous zone 11-20% 
petal width, very little closed with distal width 72-92% of maximum 
width.
Anterior Ambulacrum
Width not changing significantly along its length; narrow, width 7-8% TL 
throughout; slightly sunken adapically, typically by < 10% ambulacrum 
width, becoming flush before reaching ambitus. Entirely lacking large 
"primary" tubercles. Non-petaloid; pores small, slightly enlarged and 
crowded adapically; detailed structure unclear in all known Anguillan 
material, due to surface damage by coarse matrix; Kier (1984) indicates 
that the periporal area is well-developed in Cuban specimens.
Ambulacra
Ambulacral pores not discernable between petals and phyllodes in 
Anguillan material; apparently no development of enlarged subanal tube 
feet. Phyllodes approximately rectangular in outline and tubercle free;
phyllodal pores very large with extensive periporal area, number per
poriferous zone 2 or 3 in ambulacra I and V, 3 or 4 in II and IV, and
invariably 2 in III.
Adorai Plate Arrangement
Labrum lozenge-shaped with acute angles truncated; slightly convex in 
transverse section; slightly overhanging peristome but not inverted into 
it; entirely lacking enlarged "primary" tubercles; short, extending back 
only to front of second adjacent ambulacral plate, length 3.3-7.7% TL; 
broad, width 10.8-14.1% TL, transverse elongation 185-270% in Anguillan 
population, apparently 427% in small Antiguan specimen.
Plastron planar in longitudinal section; orientated at an angle of some 
10 to ambital plane, approaching it anteriorly; evenly curved through 
c. 150 in transverse section. Sternals long, extending right to base of 
posterior truncation, length 57.5-62.1% TL. Sternals wide, maximum 
combined width 37.6-53.4% TL, 65-86% of their own length, reached close 
to their posterior end. Ornament dominated by a single unraised 
tuberculation node on the interradial suture at the rear of the 
sternals, away from which tubercles increase in size. Periplastronal 
areas naked, narrow, width constant at 6.3-8.2% TL, 14.0-18.6% maximum 
plastron width, along their whole length.
Fascioles
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Peripetalous fasciole complete, sharp, single. Adjoining tips of 
posterior petals, but becoming subambital anterior of its junctions with 
the lateroanal fasciole (mid lA lb and lA 4a) and crossing anterior 
paired ambulacra well beyond last respiratory pore. Straight or very 
slightly convex between posterior petals, very slightly embayed in 
lateral interambulacra, evenly convex anteriorly. Line of fasciole 
deviating sharply through c_^  6 5 ° at branching point of lateral fasciole. 
Distance from apical system to its inner edge 17.8-18.7% TL along 
midline of lateral interambulacra, c_j_ 20.5% TL along midline lA 5 and 
78-86% TL along middle of ambulacrum III. Maximal width of fasciole 
track at tips of anterior petals, c_^  0.42mm (1.9-2.1% TL) with 6 rows of 
miliary tubercles; secondary maxima at tips of posterior petals; minimal 
width at middle of lateral and posterior interambulacra, Cj_ 0.19mm 
(0.8-1.0% TL) with 3 rows of miliary tubercles. Total length of fasciole 
track 275-325% TL.
Lateroanal fasciole complete, sharp, single. Branching from peripetalous 
fasciole at ambitus in middle of lA plate columns lb and 4a; at first 
continuing original line of peripetalous fasciole, but beginning to 
curve gently downwards in posterior halves of lateral interambulacra 
before being deflected sharply downwards beneath periproct (text-fig. 
48), contrary to the reconstruction in text-figure 23 of Kier (1984). 
Distance from apical system to inner edge of lateroanal fasciole at 
branching point from peripetalous fasciole c_^  61% TL, at middle of 
lateral interambulacra c_^  50% TL; distance from periproct to inner edge 
of lateroanal fasciole c_^  20% TL. Width of fasciole track very uniform 
over almost its entir length, c_^  0.34mm (1.5-1.8% TL) with 6 miliary 
rows; only thinning immediately adjcent to its branching point, where it 
drops to 0.20-0.23mm (c. 1.0% TL) with 3 or 4 miliary rows. Total length 
of fasciole track 180-200% TL.
Tuberculation
Petals, anterior ambulacrum above ambitus, and periplastronal areas all 
lacking enlarged "primary" tubercles but densely covered by radially 
symmetrical "secondaries" c_j_ 0,10mm in diameter.
Area within peripetalous fasciole, but outside petals, covered by 
moderately packed subcircular "primaries", typically decreasing from c. 
0.45mm diameter to c_^  0.25mm diameter away from petals, posteriorly, and 
away from anterior ambitus; tubercle bosses large, c_^  65% tubercle 
diameter; in largest tubercles near adradial sutures, up to 300% areole 
width enlargement away from ambulacra (by boss eccentricity), but this 
disappearing interradially. Spaces between enlarged "primaries" filled 
by closely crowded miliaries c_^  0.10mm in diameter
Between peripetalous fasciole and periplastronal areas "primaries" 
increasing in size to c_^  0.60mm (on adorai margins); subcircular to 
suboval; areole enlargement up to 300%, apparently bimodal, both 
downwards/posterior and upwards/anterior on lateral margins, but 
becoming simply anterolateral adorally.
Plastronal tubercles increasing in size away from interradial node at 
base of posterior truncation, bilaterally symmetrical, reaching a 
maximum dimensions of about 0.6mm by 0.7mm; boss size moderate, c_j_ 55% 
mean tubercle diameter; areole enlargement up tp 350% posteromedially, 
becoming posterior towards interradial suture; attachment are somewhat 
tilted anteriorly, boss and platform even more so; packing density c_^ 72 
per centimetre squared, overpacked.
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Stratigraphie and Geographic Range
Late Eocene-Middle Miocene; Mexico, Georgia and Florida to Trinadad and 
Venezuela, including Cuba, Puerto Rico, Anguilla and Antigua.
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Family BRISSIDAE Gray, 1855 
Genus BRISSUS Gray, 1825 
Stratigraphie and Geographic Range
Earliest records in the Middle or Late Eocene of Cuba and northern 
Italy, but not becoming widespread until Miocene times, Pantropical at 
the present day.
BRISSUS EXIGUUS Cotteau, 1875 
Plate 102; text-figure 49;
Appendix H, frames 207-210
Synonymy
V 1866a Brissus dimidiatus Agassiz, Guppy, p.301
V* 1875 Brissus exiguus Cotteau, p.35, pi.6 (figs.16-18)
V 1879 Brissus exiguus Cotteau, Guppy, p.198
?d 1911 Brissus exiguus Cotteau, Guppy, p.685
V 1922 Brissus exiguus Cotteau, Jackson, p.87, pi.15 (figs.2-4)
V 1961 Brissus unicolor Leske, Cooke, p.27 [material from Anguilla
Formation only]
V 1984 Brissus exiguus Cotteau, Poddubiuk & Rose, p.120
See Poddubiuk & Rose (1984) for additional minor references to the 
species
Material
Holotype (by monotypy) .........  USNM 115396
Other ............................  see Appendix H
Size and Shape
Test small, known specimens 19.3mm and 32.1mm in length, Ambital outline 
obovate in smaller specimen, subovoidal and posteriorly truncate in 
larger specimen; narrow, maximum width 68.4-70.5% TL, 1.8-3.2% TL 
anterior; frontal notch entirely absent. Test slightly wedge-shaped in 
lateral view, with base almost uncurved; maximum height 53.4-53.5% TL, 
9-31% TL posterior, with higher displacement in larger, more developed, 
specimen. Margins rounded anteriorly and laterally, subvertically 
truncate posteriorly; ambitus height rising from 18.7-19.7% TH 
anteriorly to 45.6-50.1% TH laterally; posterior truncation absent in 
small holotype, but well-defined in larger specimen; in latter flat, 
meridional length (=height) c_^  25% TL, width c_^_ 22% TL, truncation angle 
95 . Posterior interambulacrum sharply carinate aborally (carina angle 
c. 120°), forming rounded keel curving through c_j_ 120* adorally. Nodes 
for subanal spine tufts not swollen. Test very thin, thickness c_^  0.2mm 
(0.6-1.0% TL).
Peristome
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Very poorly preserved, only visible in larger specimen. Apparently 
almost semicircular, length c_^  9% TL, width c_^  15.6% TL, transverse 
elongation Cj_ 170%; opening downwards and slightly anterior. Labral 
overhang slight c_^  20% peristome length. Located very anterior, 
posterior test to anterior labrum c^ _ 76.4% TL.
Periproct
Very poorly preserved, opening posteriorly in upper part of posterior 
truncation. Apparently large, suboval, meridionally elongate, length c_^ 
15% TL, width c. 12.5% TL.
Apical System
Already highly developed in smaller specimen, missing in larger. 
Tetrabasal, ethmolytic, madreporite flush, lacking gonopore; length c^  ^
6% TL. Three existing gonopores (in interambulacra 1, 3 and 4) 
subcircular; posterior pair large, c_^  0.23mm diameter, but gonopore 3 
much smaller c. 0.11mm diameter.
Petals
Only paired ambulacra petaloid. Anterior petals flexed anteriorly 
through c_^  10°; posterior petals straight, or flexing laterally through 
less than 5° at their distal ends. Anterior petals approximately 
tranverse (i.e. interpetal angle II/IV c^ 180°); interpetal angles 70-75' 
laterally, 35-40° posteriorly. Posterior petals longer than anteriors 
relative to test length, but shorter relative to perradial length.
Length of posterior petals 33-35% TL, 50-66% perradial length; length of 
anteriors 19-26% TL, 60-80% perradial length. Posterior petals slightly 
wider than anteriors relative to test length, narrower relative to petal 
length (width posterior petals 17.9-19.9% petal length; width of 
anteriors 22.8-29% petal length). All petals very slightly depressed, 
posteriors more than anteriors; depth not exceeding 10% petal width in 
former, 20% in latter. Interporiferous zones very narrow maximum width
10.7-18.7% petal width; little closed distally with width at tip 75-96% 
maximum width. Within a petal, poriferous zones subequal in length, with 
posterior slightly longer and possessing one or two additional developed 
pores. Posterior poriferous zones of posterior petals each with some 6 
developed pores more than the posterior poriferous zone of an anterior 
petal, and a total of 25 pores in the larger specimen. Posterior 
poriferous zone c_^  125% width of anterior poriferous zone in anterior 
petals. Respiratory pores are conjugate isopores with interporal 
distance similar to pore length, orientated slightly oblique to petal 
axis with perradial perforation marginally closer to apical system.
Anterior Ambulacrum
Not distinguished topographically, but marked by finer tuberculation. 
Nonpetaloid; pores microscopic.
Ambulacra
Narrow, width at ambitus 15—20% TL, 40-65% that of interambulacra. 
Phyllodes poorly preserved; well-developed, long and narrow, extending
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to curve of margin in ambulacra II-IV, with approximately 7 pores per 
poriferous zone in anterior paired ambulacra and c_^  5 per poriferous 
zone in frontal ambulacrum.
Adorai Plate Arrangement
Very poorly preserved; sutures not discernable. Remaining tuberculation 
suggests labrum short and broad (length _c^ 4.3% TL and width c. 9.8%
TL), with length of sternals about 35% TL and their combined width 
around 30% TL; episternals large but little wider than sternals.
Fascioles
Peripetalous fasciole sharp, single, complete, enclosing whole of 
anterior and posterior petals as well as most of ambulacrum III
aborally. Subflexuous, slightly and subangularly indented in lateral and
posterior interambulacra, strongly convex and apparently subtrapezoidal 
anteriorly. Distance from apical system to inner edge of fasciole 
17.1-18.1% TL along midline lA 2 and lA 4, c_j_ 18.1% TL along midline of
ambulacrum III, and c_^  29.6% TL along midline lA 5. Maximal width of
fasciole track at tips of anterior petals, 1.2-1.3% TL, with 5 or 6 rows 
of miliaries; minimal width mid-interambulacrally, c_^  0.17mm (0.5-0.9% 
TL) with 3 miliary rows.
Subanal fasciole very poorly preserved. Bilobate, enclosing area Cj_ 33% 
TL in width and c_j_ 21% TL in maximum height.
Tuberculation
Petals, fascioles and periplastronal area lacking primary tuberculation; 
elsewhere on aboral surface and anterolateral test margins tubercles 
showing continuous gradation in size, asymmetry and packing. Much 
enlarged primary tubercles not restricted to area enclosed by 
peripetalous fasciole. Within peripetalous fasciole tubercle diameter 
increasing adapically and towards the margins of the ambulacra; amterior 
ambulacrum marked by much finer tuberculation than adjacent parts of 
test; packing efficency 60-75% (overpacked) throughout. Outside 
peripetalous fasciole mean tubercle diameter increasing anteriorly and 
adambitally; maximum diameter c_^  0.7mm at anterior margin; minimum c. 
0.3mm, on posterior carina. Relative boss size greatest within 
peripetalous fasciole, where areole elongation is slight; outside 
peripetalous fasciole boss relatively smaller and areole preferentially 
enlarged, posteromedially above margins, upwards and posteriorly upon 
them. Two well-developed tuberculation nodes subanally. Adorai 
tuberculation too poorly preserved to allow useful description.
Stratigraphie and Geographic Range
Confirmed records only from Lower Miocene of Anguilla.
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Family BRISSIDAE Gray, 1855 
Genus BRISSOPSIS L. Agassiz, 1847 
Geographic and Stratigraphie Range
Earliest representatives in the Lower Eocene of the Caribbean and 
Mediterranean regions. By Middle Eocene times, occurring as far as field 
as East Africa, Northwest India and Japan, becoming circumtropical by 
the end of the Eocene and remaining so till the present day. Although 
Kier (1984) considered the genus to have a Caribbean origin on the 
grounds that more (but not all) of the earliest species are known from 
there, the inconclusiveness of his argument was pointed out by Poddubiuk 
& Rose (1984).
BRISSOPSIS ANTILLARUM Cotteau, 1875 
Plates 103, 104; text-figure 50;
Appendix H, frames 211-219
Synonymy
V* 1875 Brissopsis antillarum Cotteau, p.37, pi.6 (figs. 19-25)
V 1879 Brissopsis antillarum Cotteau, Guppy, p.198
V 1915 Brissopsis atlantica Mortensen, Lambert, p.32
1922 Brissopsis atlantica Mortensen, Jackson, p.81 [purely an
acceptance of Lambert’s identification]
V 1922 Brissopsis antillarum Cotteau, Jackson, p.82, pi.14 (figs.3-4)
V 1922 Kleinia sp. Lambert, p.589
V 1922 Metalia batheri Lambert, p.590, pi.IX (figs. 1-3)
V 1922 Brissoma antillarum (Cotteau), Lambert, p.595
V 1922 Brissopsis atlantica Mortensen, Lambert, p.595
V 1961 Brissopsis antillarum Cotteau, Cooke, p.27, pi.12 (fig. 1-4)
V 1984 Brissopsis antillarum Cotteau, Poddubiuk & Rose, p.120
Material
Lectotype (designated herein) .......  USNM 214170a
Paralectotypes ........................  USNM 214170b, USNM 214170c
Other ............................. . See annotated synonymy and
Appendix H
Size and Shape
Test size small to moderate, largest known Anguillan specimen 52.8mm in 
length, though Cooke (1961) records a Venezuelan example 62mm in length. 
Ambital outline subcordiform with lA 2 much more prominent than lA 3, 
subtruncate posteriorly. Maximum test width 75.4-87,8% TL, subcentral, 
0.0-4.4% TL anterior. Anterior notch depth 1.8-5.3% TL relative to lA 3, 
c. 60% of this relative to lA 2; width of frontal notch 20.8-23.1% TL in 
large individuals, 17.2% TL in a juvenile. Lateral profile wedge-shaped, 
maximum test height 39.7-54.3% TL, moderately posterior, on carina 
behind confluent groove of posterior petals, 62.7-77.8% TL behind 
anterior margin. Anterior and lateral margins rounded, ambital height c_j_ 
30% TH anteriorly, sometimes rising to as much as 44% TL laterally. 
Transverse section rounded and low-domed anteriorly, becoming rhomboidal
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posteriorly. Posterior truncation subvertical, slightly inclined with 
periproct barely visible from aboral surface, truncation angle 95-110°; 
approximately square, meridional height 27.8-41.6% TL, width 25.5-37.9% 
TL. All interambulacra inflated aborally between depressed ambulacra; lA 
5 gently carinate, carina angle c^ 135°; lateral interambulacra rising 
on flat bevelled slope to linear crest along midline of each plate 
column, with no further inflation interradially; inflation of anterior 
interambulacra similar to that of laterals, but mid-column ridges 
accentuated into rounded peaks at tuberculation nodes (one per plate 
approximately 65% plate length above adorai suture). Adorally lateral 
and anterior interambulacra flush with adjacent ambulacra, labrum and 
peristome margin; behind labrum lA 5 swollen to strong keel with crest 
angle c^ 135° and maximum inflation almost at rear of test. No 
projecting subanal snouts or subanal depression. Test rather thin, 
thickess 0.3-0.5mm, 0.7-1.0% TL.
Peristome
Apparently semicircular in juveniles under 25mm TL, becoming slightly 
reniform and increasing in size relative to the test in adults; length 
7.5-11.4% TL, width 14.7-17.2% TL, transverse elongation 134-200%, 
labral overhang 0.0-16.7% peristome length. Opening vertically downwards 
from slightly depressed area of adorai surface in front of plastron; 
location only moderately anterior, posterior test to anterior labrum 
59.4-72.6% TL.
Periproct
Subcircular, slightly lensoidal meridionally; diameter 11.0-16.5% TL, 
transversely elongate 82-118%; occupying upper half of posterior 
truncation; surrounds flush, comprising interambulacra plates 6-8 from 
peristome in ech column.
Apical System
Total length c_^  5.3% TL, slightly anterior by 2.5-9.8% TL. Tetrabasal, 
ethmolytic, madreporite flush; 4 circular or transversely oval 
gonopores; maximum diameter of anterior gonopores c_^  55% that of 
posteriors, diameter of posteriors c_^  0.56mm in lectotype. gonopore 
arrangement trapezoidal with anteriors closer together than posteriors.
Petals
Only paired ambulacra petaloid. Anterior petals approximately straight, 
curved through up to 5° anteriorly or laterally; overall curvature of 
posterior petals c_^  20°, poriferous zones within a common depression 
immediately behind apical system but diverging throughout. Interpetal 
angles 35-55° posteriorly, 90-120° laterally and 100-115° anteriorly. 
Petal length moderate, rather variable, that of posteriors showing a 
particularly strong strong allometric relationship to test length; 
posteriors initially shorter than anteriors but increasing rapidly in 
size as proximal confluence develops and becoming increasingly longer 
than anteriors beyond 25mm TL. Total known range in length of posterior 
petals 18.2-38.7% TL (42.3-59.7% perradial length); length in lectotype 
typical of mature adult, c_^  32% TL (c. 58% perradial length). Total 
range in length of anterior petals 23.6-29.8% TL (52,4-67.2% perradial
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length); length in lectotype typical of mature adult _c^  29% TL (c.63% 
perradial length). Absolute petal width increasing slowly, and therefore 
showing inverse allometric relationship to petal length, particularly in 
posterior petals; overall range 17.8-48,4% petal length in posterior 
petals (c. 24.5% in adult lectotype), 27.4-43.1% in anterior petal (c. 
32% in adult lectotype). All petals moderately depressed, maximum depth 
35-45% petal width; base of petal approximately flat, gently rising to 
surrounding test surface distally. Interporiferous zones very narrow, 
maximum width 12.5-19.2% maximum petal width; not reduced significantly 
towards distal tip in anterior petals, but sometimes closing to as litle 
as 25% of its maximum value in posteriors. Within each petal, poriferous 
zones subequal in length but developing very unequally. In posterior 
petals, posterior poriferous zones c^ 2.5% longer than anteriors, but 
only developing respiratory anisopores after divergence from each other 
at beginning of carina; in adult lectotype, first developed repiratory 
pore in posterior poriferous zone is twelfth from apical system, with 
pore units only reaching the same size as those in the anterior 
poriferous zone 15-16 pore units beyond apical system; total number of 
respiratory anisopores c_j_ 13 in la, 23 in Ib. In anterior petals 
anterior poriferous zones Cj_ 2.5% longer than posteriors but developing 
respiratory pore units more slowly adapically; in lectotype, first 
developed repiratory pore is third from ocular in posterior poriferous 
zone and sixth in anterior, while width of the two zones becomes equal 
only in the distal third of the petal. Pore units orientated slightly 
oblique to petal axis, with perradial perforation slightly adapical to 
adradial; slight size and shape anisopores.
Anterior Ambulacrum
Shallowly sunken aborally, reaching maximum depth just before crossing 
of peripetalous fasciole, then shallowing slightly to ambitus, and 
drastically below it, becoming topographically unrecognizable before 
reaching peristome. Nonpetaloid. In lectotype containing c_^  15 enlarged 
pores per poriferous zone, adapical of peripetalous fasciole, each 
located in bottom adradial corner of its plate; pores apparently 
unfunnelled, conjugate size and shape anisopores but entirely distinct 
from respiratory zygopores in their oval outline, wide atteachment area, 
inflated periporal area and strongly developed neural canal.
Ambulacra
Ambulacral width moderate, 20-70% interambulacral width at ambitus, 
narrowest for II/2 and IV/4, widest for V/5. Four to five ambulacral 
plates per interambulacral plates in petals, approximately one beyond 
them. Pores beyond peripetalous fasciole initially small or microscopic 
unipores, remaining so in ambulacra II-IV until phyllodes are reached. 
In posterior paired ambulacra slightly increasing in size towards 
subanal fasciole becoming much enlarged within it; total of 8 subanal 
tube feet idicated in lectotype by development of 4 large subconjugate 
anisopores in each admedial poriferous zone. Well-developed phyllodes 
showing crowding and enlargement of unipores towards peristome; in 
lectotype 2 or 3 pyllodal pores per poriferous zone in posterior 
ambulacra, 4 each in Ila and IVb, 5 each in Ilb and Va, 4 each in 
unpaired ambulacrum. Pore perforation with very large neural groove 
extending to adorai margin of pore outline; attachment area developed 
into ridge perradially flanking central inflated periporal area (see 
Plate 104, figure 1). Pore unit nearest peristome in each poriferous 
zone developed closer to perradial suture as distinct buccal pore.
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Adorai Plate Arrangement
Labrum poorly preserved in all known specimens, apparently extending 
back to fourth plate from peristome in adjacent ambulacra; sometimes 
bearing occasional radially symmetrical tubercles; posterior extension
9.7-16.5% TL, largest in juveniles, c_^  10% TL in mature adult lectotype; 
breadth Cj_ 65% length in adults, up to 100% TL in juveniles. Plastron 
keeled, inflated into wedge shape posteriorly. Length of sternals 
32.9-37,5% TL; combined width 69-96% TL, posterior and highest in 
juveniles. Periplastronal areas wide, maximum width 50-67% plastron 
width, lowest in juveniles.
Fascioles
Peripetalous fasciole sharp, single, complete, enclosing whole of petals 
and all enlarged pores in anterior ambulacrum. Slightly indented between 
petals in lateral and posterior ambulacra, deflected anteriorly in 
anterior ambulacra, crossing ambulacrum III just before ambitus. Lateral 
re-entrant asymmetric, apex within anterior plate column with minor 
inflection between it and anterior petal tips. Fasciole crossing Ilia 
and Illb on 9th and 8th plates from peristome respectively. In mature 
adults distance from apical system to inner edge c^_ 15% TL interradially 
in lateral interambulacra, c^ _ 30% TL in lA 5 and c_^  33% TL perradially 
in ambulacrum III. Width of fasciolar band relatively constant in mature 
adults; maximum at tips of anterior petals, typically 0.7-0.8mm 
(1.6-1.7% TL) with 12-14 miliary rows; thinning only slightly between 
anterior petals, but reduced interradially elsewhere; mimimum width at 
midline lA 5 and at inflections within lateral interambulacra, c_^  0.3mm 
(0.7% TL) in mature adults with 5 or 6 miliary rows; overall length of 
fasciole track c_^ 200% TL. Fasciole lacking lateral re-entrants, and 
slightly shorter but thicker relative to test length, in juveniles.
Subanal fasciole sharp, single, apparently slightly incomplete with 
short gap interradially where crossing episternal tuberculation node. 
Reniform with incurvature below periproct; enclosing area of enlarged 
tubercles originally bearing subanal spine tufts and enlarged subanal 
tube feet; entirely lacking anal branches. In lectotype enclosing area 
c. 41% TL in width, c_j_ 17% TL in maximum height meridionally, with top 
of fasciole c_^  7.9% TL below periproct interradially. Fasciolar band 
showing considerable thickness variation; thickest immediately below 
periproct where its width reaches c_^  1.6mm (3.8% TL) and it possesses c_j_ 
31 miliary rows; slight secondary maximum of 1.2mm and 20 miliary 
rows along base of track; width minima between these areas laterally on 
shoulders of track, c_j_ 1.0mm (2.4% TL) with 17 miliary rows.
Tuberculation
Tuberculation pattern complex; numerical data for lectotype summarized 
in Appendix H. Enlarged "primary" tubercles absent within petals, 
anterior ambulacrum, periplastronal areas and phyllodes. Aborally, 
tubercle size increasing towards boundaries of petals and anterior 
ambulacrum; on margins, increasing anteriorly, and also towards the base 
of the posterior truncation at the rear of the test; over most of the 
adorai surface, increasing towards peristome. These overall trends are 
complicated by tuberculation nodes in the anterior interambulacra and on 
the plastron, away from which tubercles increase in size. Packing 
efficiency of enlarged tubercles very high aborally and at anterior 
margin, with overpacking normal; substantially lower on lateral margins
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before increasing again adorally. Areole enlargement away from ambulacra 
aborally, with tubercles becoming radially symmetrical mid-ambulacrally; 
around test margin tubercle enlargement upwards and posterior 
anterolaterally, away from periproct on posterior truncation, and 
anteromedial within subanal fasciole. Adorally areole enlargement 
lateral at front of test, becoming posterolateral in lA 1 and lA 4 and 
posteromedial on plastron. Anterior ambulacrum very densely packed by 
large "secondaries".
Stratigraphie and Geographic Range
Lower Miocene of Anguilla; ?Upper Miocene of Falcon, Venezuela.
— 101 —
BRISSOPSIS sp. a (cf. JIMENOI Cotteau, 1881)
Plate 105; Appendix H, frames 220-223
Synonymy of Brissopsis jimenoi
1875 Brissopsis jimenoi Cotteau, p.6
V* 1881 Brissopsis jimenoi Cotteau, p.33, pi.3 (figs.5-9)
1897 Brissopsis jimenoi Cotteau, Egozcue y Cia, p.79,
pi.24 (figs.5-9)
V 1928 Brissopsis jimenoi Cotteau, Jeannet, p.12,
pl.l (fig.35)
y 1984 Brissopsis jimenoi Cotteau, Kier, p.87, pi.46 (fig.1,2)
See Kier (1984) for additional synonymy.
The diagnosis and description of Brissopsis jimenoi presented herein are 
based on the Cuban lectotype, already well illustrated by Kier (1984). 
For details of the fragmentary Antiguan material tentatiyely referred to 
the species, see Plate 105 and Appendix H.
Material Used in Description of Brissopsis jimenoi 
Lectotype (designated Kier, 1984) ......... COTT no no.
Size and Shape
Test large, probably up to c_^  100mm length. Ambital outline elongate, 
slightly cordiform, subtruncate anteriorly and posteriorly; maximum 
width 60-75% TL, 5-15% TL anterior; anterior notch shallow, depth 
1.8-2.3% TL, width 13.2-14.7% TL. Lateral profile low, wedge-shaped; 
maximum test height 22.6-29.8% TL, just before posterior truncation, c_^  
90% TL behind anterior margin. Anterior and lateral margins rounded. 
Posterior trunction poorly preseryed, subvertical, flat, approximately 
square in outline with meridional height c^ 23% TL and width c_j_ 25% TL. 
Posterior interambulacrum sharply carinate aborally and keeled adorally, 
with ridge angle in both cases c_^  120°. Test extremely thin, thickness 
0.3-0.9% TL, highest in largest tests.
Peristome
Reniform; length 7.4% TL in lectotype, 5.3-5.6% TL in Antiguan material; 
width 16.4% TL in lectotype, 7.5-12% TL in Antiguan material, transyerse 
elongation c_^  220% in larger specimens, apparently less in smaller. 
Labral overhang c_j_ 25% peristome length; posterior of test to anterior 
of labrum 72.9% TL in lectotype, 65.9-66.7% TL in Antiguan material. 
Opening vertically downwards, with interambulacra slightly swollen into 
pseudobourrelets at peristome margin.
Periproct
Unknown
Apical System
- 102 -
Small, subcentral, middle c_^  4% TL anterior in lectotype; not actually 
preseved in any known specimen, but impressions on lectotype suggest it 
was ethmolytic with 4 similarly-sized gonopores.
Petals
Only paired ambulacra petaloid, petals well-known only in lectotype. 
Anterior petals flexed laterally through c_j_ 30°, posteriors parallel 
proximally, within common depression for 30-50% of their length, flexing 
laterally trough c^ 35° at their distal ends. Overall interpetal angles 
c. 30° posteriorly, Cj_ 120° laterally and c_^  90° anteriorly. Petals 
short, posteriors more so than anteriors; in lectotype, length of 
posterior petals 23% TL and 47% perradial length, length of anteriors 
27% TL and 64% perradial length, with width of all petals c^ 23% petal 
length. All petals depressed by up to 30% petal width. In internal 
mould, interporiferous zone constituting c_^  11% petal width in the 
posterior petals and up to 19% in anteriors; the proportions would be 
greater by an unknown amount on the external surface of the test. 
Poriferous zones very unevenly developed, increasing in size much more 
slowly in anterior poriferous zones of anterior petals and in posterior 
poriferous zones of posterior petals, only developing beyond confluent 
groove in latter. In lectotype, number of developed respiratory pores 
per poriferous zone is 12 in la, 19 in Ib, 24 in Ila and 18 in lib. In 
the only Antiguan specimen showing traces of the petals, the posterior 
petal seems to have been considerably longer than in the lectotype (c. 
38% TL), narrower (width Cj_ 11% petal length), and with far more 
respiratory pores (Vb, 17; Va 35). Though obvious, these differences may 
represent allometric or random individual variation; given the poor 
quality of the material, they do not justify erection of a new species.
Anterior Ambulacrum
Narrow, moderately sunken aborally, shallowing to ambitus and flush 
adorally; aboral groove containing 17 enlarged pores in each poriferous 
zone, increasingly crowded adapically.
Ambulacra
Ambulacra narrow, 12-35% interambulacrum width at ambitus with III/3 
narrowest and V/5 widest. Nature of pores beyond petals unknown in 
lectotype. In Antiguan material, microscopic near petals, with 
well-developed phyllodes disecernable between pseudobourrelets near 
peristome in BMNH E.82038 and E.82148; 4 phyllodal unipores per 
poriferous zone in plate columns la and Ib, 3 in Ila and lib, 2 in Ilia 
and Illb.
Adorai Plate Arrangement
Labrum length c_j_ 6.7% TL in lectotype, 8.4-9.1% TL in Antiguan material.
Length sternals 38.1% TL in lectotype, 35-40.7% TL in possible Antiguan
specimens; combined width 29.3% TL in lectotype, rather less, 22.6-22.9% 
TL in Antiguan material. Overall length of plastron c_^  53% TL with
combined width c_^  31% TL in lectotype.
Fascioles and Tuberculation
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Unknown in lectotype; too poorly preserved to usefully describe in 
possible Antiguan material.
Geographic and Stratigraphie Range of Brissopsis jimenoi
Lower to Middle Miocene of Cuba and Trinidad; related, possibly 
nonspecific form, herein referred to as Brissopsis sp. a, from Upper 
Oligocene of Antigua.
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Genus EUPATAGUS A,Agassiz, 1847
Stratigraphie and Geographic Range
Earliest known species (Eupatagus haburiensis) occurring in the Lower 
Eocene of the Indian subcontinent, but Middle Eocene representatives 
abundant in both Mediterranean and Caribbean regions, with the genus 
pantropical by Upper Eocene times. Systematic diversity decreasing 
through Late Paleogene and Neogene times; though its distribution 
remained circumglobal into the Miocene, it is presently restricted to 
the Indo-Pacific.
EUPATAGUS CUBENSIS (Cotteau, 1881)
Plates 106-108; Appendix H, frames 234-237
Partial Synonymy
n 1875 Breynia cubensis Cotteau, p.7
V* 1881 Breynia cubensis Cotteau, p.43, pi.4 (figs. 4-6)
1897 Breynia cubensis Cotteau, Egozcue y Cia, p.87,
pi.25 (figs.4-6)
1915 Brissoides cubensis (Cotteau), Lambert, p.31
V 1915 Brissoides sp. Lambert, p.31
V 1922 Eupatagus depressus Jackson, p.93, pi. 16 (fig. 7)
1922 not Eupatagus cubensis (Cotteau), Jackson, p.94 
1922 Breynia cubensis Cotteau, Jackson, p.97
£? 1924 Brissoides luacesi Sanchez Roig, p.79
£ 1924 Brissoides lamberti Sanchez Roig, p.79, pi.12 (fig. 1)
£ 1924 Brissoides munozi Lambert Sanchez Roig, p.80, pi.8
£ 1924 Brissoides munozi Lambert sub. sp. minor Sanchez Roig, p.82,
pi.9 (figs. 1, 2)
£ 1924 Brissoides herrerae Sanchez Roig, p.82, pi.10 (fig. 1)
£ 1924 Brissoides brevipetalum Sanchez Roig, p.84, pi.11 (figs. 1, 2)
£ 1924 Brissoides elongatum Sanchez Roig, p.86, pi.13 (figs. 1, 2)
£ 1924 Brissoides planus Sanchez Roig, p.87, pi.14 (fig. 1)
£? 1924 Brissoides mayor Lambert Sanchez Roig, p.91 
£ 1926 Brissoides munozi Lambert, Sanchez Roig, p.103, pi.28 (figs.
1-2), pi.29 (figs. 1-2), pi.30 (fig. 1)
£ 1926 Brissoides herrerae Sanchez Roig, Sanchez Roig, p.104,
pi.32 (figs. 1-2), pi.34 (fig. 1)
£ 1926 Brissoides brevipetalum Sanchez Roig, Sanchez Roig, p.106,
pi.34 (fig. 1), pi.35 (fig. 2)
£ 1926 Brissoides elongatum Sanchez Roig, Sanchez Roig, p.107,
pi.36 (fig. 1)
£ 1926 Maretia estenozi Sanchez Roig, p.Ill, pi.37 (figs. 1-2)
1930 not Brissoides (Eupatagus) lamberti Collignon, p.559,
pi.32 (figs. la-d)
£ 1949 Brissoides lajasensis Sanchez Roig, p.203, pi.24 (fig. 1)
? 1949 Brissoides habenensis Sanchez Roig, p.204, pi.23 (fig. 4)
£ 1952 Brissoides zanolettii Sanchez Roig, p.12, pi.7 (figs.1,2)
1953a not Megapatagus depressus Sanchez Roig, p.60, pi.12 
? 1958 Eupatagus antillarum Cotteau, Casanova, p.3
1984 Eupatagus cubensis (Cotteau), Kier, p.103, pi.55 (figs.3-5),
pis.56-57
? 1984 Eupatagus sanchezi (Lambert), Kier, p.107, pi.58 (figs.1-3)
V 1984 Eupatagus sp. Poddubiuk & Rose, p.119
V 1984 Eupatagus cubensis (Cotteau), Poddubiuk & Rose, p.120
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Only important initial references (annotated ”£") are provided for the 
many obvious synonyms erected by Lambert and Sanchez Roig; astoundingly 
all 13 nominal species so annotated were recorded from the same 
locality! For further details concerning this taxonomic mire and many 
excellent illustrations see Kier (1984),
Material
Holotype .............  COTT no no.
Other ................  see annotated synonymy and Appendix H
Assuming that Eupatagus cubensis is the only representative of its genus 
at Sanchez Roig’s "Cervanantes Farm" locality, then its intraspecific 
variation in petal length, petal width and number of enlarged "primary" 
tubercles aborally must be very large; Kier (1984) even records the 
first-named varying from 31 to 46% TL. On this basis, I have included 
the material from Tintamarre and from Antigua in the same species. In 
the face of such variation, definitive redescription of the species on 
the basis of the accessible holotype alone, or from small samples 
collected well outside the type area could be misleading. Nevertheless, 
since it seems that this may prove the only option available for some 
time, I have attempted to combine my data, which include much 
information not seen in the Cuban or Puerto Rican material, with the 
details provided by Kier (1984) to create an improved diagnosis and 
description. Although the Miocene species Eupatagus sanchezi was 
accepted as a distinct form by Kier (1984), it is known only from a 
single small specimen apparently lacking gonopores and is tentatively 
considered to be a juvenile of cubensis herein, though excluded from 
the following description on the grounds of immaturity
Size and Shape
Test large, typically 70-110mm in length. Ambital outline pear-shaped, 
somewhat attenuated and truncate posteriorly; width 70-95% TL, 4-9% TL 
anterior but still behind apical system; frontal notch slight or absent, 
though flattening of outline across anterior ambulacrum is typical. 
Lateral profile very depressed; maximum test height 22.0-27.6% TL in 
specimens available to the author, possibly as little as 19% TL in Cuban 
specimens originally assigned to Brissoides munozi (Kier, 1984); maximum 
height subcentral or up to 16% TL anterior. Ambitus high. Posterior 
truncation overhanging, truncation angle 50-70°; rhomboidal, meridional 
height 10-13% TL, width 21-30% TL; concave. Interporiferous zones of 
petals flush with adjacent interambulacra, poriferous zones very 
slightly sunken. Posterior interambulacrum slightly inflated, bluntly 
carinate with ridge angle down to 125°. Adorai surface flat anteriorly 
and laterally, but with small narrow plastron keeled and very strongly 
inflated posteriorly. Test very thin posteriorly, c_^  0.6mm (0.6-0,7% TL) 
in holotype and specimens from Tintamarre, slightly thicker, 0.8-1.1mm 
(1.0-1.3% TL) adapically in Antiguan material, the Cuban material 
illustrated by Kier (1984) spanning the entire range. Preferential 
post-mortem breakage along lA 5 aborally.
Peristome
Very poorly preserved in all Cuban and Antiguan material, but well seen 
in BMNH E.82231 from Tintamarre. Semioval, length 7% TL, width c^ 11%
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TL, transverse elongation c_^  145%.; labral overhang almost negligible, 
c. 1.2% TL; surrounds flush, opening vertically downwards. Moderately 
anterior, posterior of test to anterior of labrum 67-70% TL
Periproct
Very poorly preserved in all known specimens. Occupying upper half of 
posterior truncation, facing downwards and posteriorly; surrounds 
funnel-shaped but edges not inverted; length c_^  5.4% TL, width c. 7.0% 
TL, transverse elongation c_j_ 128%.
Apical System
Total length 5-6.5% TL, centre 11-19% TL anterior. Tetrabasal, 
ethmolytic; with 4 subequal to unequal gonopores, anteriors closer 
together than posteriors and sometimes as little as 60% of their 
diameter.
Petals
Only paired ambulacra petaloid. Anterior petals initially straight or 
slightly curve posteriorly, becoming slightly to strongly attenuated and 
curving anteriorly through 5-10* at their distal tips. Immediately 
behind apical system, posterior petals curved through c_^  30° 
posteriorly, but straight over most of their length. Interpetal angles 
37-50° posteriorly, 85-95° laterally and 140-150° anteriorly. Anterior 
petals shorter than posteriors relative to test length (the former being 
70-85% of the latter), but similar relative to perradial length. Actual 
petal length moderate to great, extraordinarily variable; length of 
posterior petals 31-46% TL, c^ 57-85% perradial length (including Cuban 
material); length of anterior petals 28-37% TL, c^ 68-90% perradial 
length. Maximum petal width always within proximal half of petal; 19-33% 
of petal length in posterior petals, 22-38% in anteriors.
Interporiferous zones flush with neighbouring interambulacra, maximum 
width 53-70% petal width; strongly closed, width at tip 10-24% of 
maximum. Poriferous zones sunken below level of adjacent test surfaces, 
particularly within periporal area, but slightly even at interporal 
ridges; subequal in length but developing at unequal rates as regards 
width and pore character. In posterior petals, anterior poriferous zones 
developing more rapidly than posteriors; in anterior petals the 
development of the posterior zones is more rapid, with 6-11 extra 
respiratory pores. Pore units as strongly conjugate size and shape 
anisopores. Total number very variable but high; Kier (1984) records up 
to 94 pore pairs (=pore units) in posterior petals, and 74 pore pairs in 
anterior petals, for the specimen earlier made the holotype of Maretia 
estenozi. Mean packing of pore units relatively sparse, 6-11 per 
centimetre of porifrous zone; pore orientation perpendicular or slightly 
oblique to petal axis.
Anterior Ambulacrum Aborally
Flattened or slightly sunken by < 1.5% TL aborally; rather narrow, 
expanding evenly to ambitus where its width is 25-29% that of lA 3. 
Nonpetaloid, with pores minute and often invisible in poorly preserved 
material.
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Ambulacra Adorally
Enlarged subanal tube feet clearly present, though region too poorly 
preserved to allow elucidation of details,
Phyllodes unknown in previously described material but moderately 
well-preserved in BMNH E.82231. Flush, very short, composed of few but 
much-enlarged unipores immediately adjacent to peristome. Apparently 3 
pores per poriferous zone in anterior paired ambulacra, 3 or 4 in 
others. Attachment area of largest pore 3.8mm by 3.8mm.
Adorai Plate Arrangement
Better preserved in new specimens from Antigua and Tintamarre than in 
previously known material. Labrum extremely elongate, posterior 
extension 19-20% TL; maximum width 23-31% of its length, immediately 
behind peristome; strongly waisted adorally to allow accomodation of 
more phyllodal pores close to peristome, gently tapering in its 
posterior third; slightly inflated immediately behind peristome but 
planar thereafter. Enlarged "primary" tuberculation absent and miliaries 
sparse except at peristome margin. Plastron strongly keeled, keel angle 
c. 125° with its crest rising to a maximum height posteriorly. Posterior 
extension of sternals 33-37% TL, combined width 58-60% length. 
Periplastronal areas moderately wide, width c_^  55% maximum width of 
plastron.
Fascioles
Not preserved in the holotype or any other Cuban material firmly 
referred to the species by Kier (1984) but well seen in BMNH E.82231.
Peripetalous fascicle sharp, single, very narrow; complete behind 
anterior petals but thinning anteriorly and apparently absent across lA 
2b, ambulacrum III and lA 3a; enclosing most of aboral surface including 
whole of petals. Smoothly curved with no indentations in interambulacra; 
distance from apical system to inner edge of fascicle c_^  35% TL along 
midline of lateral interambulacra and c_^  46% TL in lA 5; tuberclation 
pattern suggesting that if fascicle is ever complete it should lie some 
43% TL in front of apical system in ambulacrum III. Very narrow, 
widening much towards petal tips; maximum width c_^  0.6mm (0.5% TL) with 
only 7 rows of miliary tubercles; minimum width just before anterior 
interruption, c_^  0.2mm (0.2% TL) with 3 miliary rows.
Subanal fascicle largely missing in E.82231 but clearly broad and 
enclosing triangular area below periproct, on slope between peak of 
plastronal keel and base of posterior truncation. Width of enclosed area 
c. 20% TL, meridional height c_^  12% TL. Fascicle track of constant width 
c. 1.3mm (1.2% TL) with c_j_ 18 rows of miliaries.
Tuberculation
Very distinctive in the occurrence of very large, suboval, partially 
sunken tubercles, reaching dimensions of 2.93mm by 3.32mm in plan view, 
within the paired interambulacra and the peripetalous fascicle (where 
developed). In these tubercles depth and areole width greatest 
posterolaterally, platform crenulation best developed anterolaterally 
and fused into a ridge posteromedially; boss comprising Cj_ 50% tubercle
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diameter, very high, tilted posteromedially, with coarse granular 
texture, granules arranged in a spiral ascending anticlockwise and 
continuous with the crenulation; mamelon very small, diameter < 15% that 
of tubercle, with central perforation. They are arranged in a single 
transverse row on each plate, each scrobiculate, surrounded by a ring of 
radially symmetrical secondaries and do not project as camellae on the 
interior surface of the test. Number of tubercles strongly dependent on 
test size but also showing much other individual variation, typically 
20-70 in each lateral interambulacrum, 13-40 in each anterior 
interambulacrum, the lowest adult densities occurring in the holotype 
COTT 517, and in the Antiguan material, the highest in the Cuban 
holotype of "Maretia estenozi" and in BMNH E.82231. Ambital 
tuberculation fine, similar to that between enlarged aboral "primaries" 
and in interporiferous zones of petals; not showing any anterior size 
increase, radially symmetrical anteriorly, developing an upward areole 
elongation laterally. Tubercles of lateral adorai margins suboval, 
increasing in size away from margin to reach maximum dimensions of 
2.41mm by 2.67mm, not sunken, with areole enlargement up to 375% 
posterolaterally. Tubercles of plastron very poorly preserved, elongate 
posteromedially, numerically smaller in size and quantity than those of 
lateral margins.
Stratigraphical and Ceographical Range
Upper Oligocene and Lower Miocene of Cuba, Puerto Rico, Antigua and 
Anguilla. Kier (1984) considered the species to be purely Miocene, but 
the Antiguan records confirm that its range extended back into the Late 
Oligocene. Although Kier (1984) believed the holotype of the synonymous 
Puerto Rican species Eupatagus depressus to have been collected from the 
Miocene Ponce Limestone, this does not appear to be exposed in its 
stated collection area, which is actually consistent with a source in 
the Juana Diaz Formation and an Upper Oligocene age, as originally 
suggested by Jackson (1922).
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Genus MEOMA Gray, 1851
Stratigraphie and Geographic Range
Lower or Middle Eocene to Upper Miocene of Mediterranean region; Middle 
Eocene to Recent of Caribbean; presently restricted to East Pacific, 
Caribbean and West African faunal provinces.
MEOMA ANTILLARUM (Cotteau, 1875) 
Plate 109; text-figure 51; 
Appendix H, frames 238-239
Synonymy
V* 1875 Peripneustes antillarum Cotteau, p.7, p.39, pi.7 (figs. 1-3) 
1879 Macropneustes antillarum (Cotteau), Guppy, p.198
1897 Macropneustes antillarum (Cotteau), Egozcue y Cia, p.95,
pi.29 (figs. 1-3)
?v 1913 Metalia sp. Brown, p.601
? 1917 not Macropneustes antillarum (Cotteau), Dickerson & Kew,
pi.24 (fig. 1), pi.26 (figs. la, lb)
?v 1922 Macropneustes antillarum (Cotteau), Jackson, p.85,
pi.15 (fig. 1)
1924 Schizobrissus antillarum (Cotteau), Lambert & Thiery, p.494 
? 1926 Schizobrissus jacksoni Lambert iui Sanchez Roig, p.121
? 1927 Macropneustes altus H.L. Clark iji Arnold & Clark, p.68,
pi.14 (figs. 7-9)
? 1927 Macropneustes augustus H.L. Clark Iji Arnold & Clark, p.68,
pi.14 (figs. 10-11), pi.15 (fig.l)
? 1934 Macropneustes dyscritus Arnold & Clark, p.151, pi.4 (figs 1-2)
? 1934 Macropneustes sinuosus Arnold & Clark, p.152, pi.4 (fig. 3)
? 1934 Macropneustes stenopetalus Arnold & Clark, p.152,
pi.4 (figs 4-5)
? 1949 Schizobrissus jacksoni Sanchez Roig & Lambert iji Sanchez Roig,
p.230
? 1951 Rojasia rojasi Sanchez Roig, p.58, pi.35, pi.36 (fig. 1)
1959 Peripneustes antillarum Cotteau, Cooke, p.83
1970 Meoma antillarum (Cotteau), Chesher, p.755
1984 Meoma antillarum (Cotteau), Kier, p.119, pi.51 (figs. 1-3)
? 1984 Rojasia rojasi Sanchez Roig, Kier, p.124, pi.69 (figs. 1,2)
Material
Lectotype (designated by Kier, 1984) .......  COTT no no.
[other cotype, and by default "paralectotype", USNM 214150, is not 
referable with certainty to the species as discussed below]
Additional material ..........................  see Appendix H
Type, figured and referred material belonging to this species were 
examined for comparative purposes before collection of the new Anguillan 
material or examination of the Antiguan fragments now referred to it. In 
consequence complete descriptions and illustrations were not initially 
prepared. The new material is very poorly preserved and can add little 
to the information already supplied by Kier (1984), on whose description 
the diagnosis is largely based; illustrations and measurements of the 
Anguillan specimens referred to the species are provided mainly for 
documentary purposes.
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Geographic and Stratigraphie Range
Eocene to Lower Miocene of Cuba, Anguilla, ?St Barthélémy and ?Antigua. 
The lectotype is recorded from the Cuban Eocene (Cotteau) and Cotteau’s 
other, dubiously nonspecific cotype is certainly from the Eocene of St 
Barthélémy. Kier (1984) could not locate a Cuban Oligo-Miocene specimen 
recorded by Sanchez Roig (1949) from 'Finca "La Noria"’, but one such 
was examined by the author in the Lambert Collection (LAMB 1.201).
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MEOMA CLEVEI (Cotteau, 1875) 
Plates 110, 111; text-figure 52; 
Appendix H, frames 240-244
Synonymy
V* 1875 Peripneustes clevei Cotteau, p.40, pl.7 (figs. 4-7)
1879 Macropneustes clevei (Cotteau), Guppy, p.198
1897 Macropneustes clevei (Cotteau), Egozcue y Cia, p.93,
pl.28 (figs. 1-4)
V 1922 Macropneustes clevei (Cotteau), Jackson, p.84,
pl.14 (figs. 6,7)
1922 Schizobrissus clevei (Cotteau), Lambert, p.590
1924 Schizobrissus clevei (Cotteau), Lambert & Thiery, p.494
V 1959 Peripneustes clevei Cotteau, Cooke, p.83
1970 Meoma clevei (Cotteau), Chesher, p.755 (figs. 9a-9c) 
1984 Meoma clevei (Cotteau), Kier, p.121
V 1984 Meoma clevei (Cotteau), Poddubiuk & Rose, p.120
Material
Holotype (by monotypy) ............  USNM 214174 (formerly USNM 115410)
Other ..............................  see Appendix H
The following description is based almost entirely on the holotype, the 
only specimen suitable for complete examination.
Size and Shape
Test size moderate, length of holotype 61.6mm. Ambital outline 
subcordiform, slightly asymmetric with lA 2 more prominent than lA 3, 
subtruncate posteriorly; elongate, maximum test width c_j_ 85% TL, c. 6% 
TL anterior; anterior notch moderate, depth relative to lA 2 c_j_ 8.2% TL, 
relative to lA 3 c_^  5.2% TL, width c_^  24% TL. Lateral profile 
subrectangular rather than wedge-shaped; maximum test height c_^  56.7%
TL, c_^  6.5% anterior, located on carina crest immediately behind apical 
system, remaining almost constant posteriorly to rear of test. Anterior 
and lateral margins rounded with ambitus height Cj^  30% TH anteriorly 
increasing to c_^  45% TH laterally. Posterior truncation large, flat and 
slightly overhanging with truncation angle c^ 70°, meridional length c. 
40% TL and width c_^  45% TL. Interambulacra inflated aborally between 
depressed petals. Although accentuated by lateral crushing in holotype, 
posterior interambulacrum seems originally to have been slightly 
carinate with crestal angle 125-135°. Paired ambulacra rising rapidly 
above petal margins on convex slopes which are initially continuations 
of the petal's own sides, flattening out in middle third of column; 
slope of interambulacra steeper and much shorter on anterior side of 
petal depression than posterior imparting a stong anterior-posterior 
asymmetry. Outside peripetalous fasciole, microtopography of paired 
interambulacra complicated by meridional columns of slightly raised 
tuberculation nodes, one just above the centre of each plate. Adorally 
paired ambulacra and interambulacra approximately flush; posterior 
interambulacrum inflated to blunt with keel increasingly distinct 
posteriorly; anterior ambulacrum depressed, deepening and widening to a 
maxima at the ambitus but remaining well-sunken to peristome margin.
Twin subanal snouts developed. Test thickness moderate c_^  0.7mm, 1.1%
TL.
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Peristome
Subcrescentic, almost semicircular, overall length c_^  6.9%, width c. 
13.8% TL, transverse elongation c_ 200%, labral overhang c_^  17.0% 
peristome length. Located in slightly depressed area at anterior end of 
ventral keel where it meets sunken ambulacrum III; opening forwards and 
downwards at c^ 40° to ambital plane; moderately anterior with posterior 
of test to anterior of labrum c. 73.0% TL.
Periproct
Very poorly preserved. Meridionally lensoidal, length c_^_ 18.9% TL, width 
c. 10.6% TL, transverse elongation c_j_ 56%; occupying upper half of 
posterior truncation, surrounds flush.
Apical System
Total length c_j_ 6.8% TL, centre moderately anterior, by c_j_ 15% TL. 
Tetrabasal, ethmolytic, madreporite flush; other details obscured by 
crushing. Although Cotteau (1875) is likely to prove correct in 
suggesting the presence of 4 gonopores having a trapezoidal arrangement 
this is not discernable in the holotype (and only specimen known to 
him).
Petals
Only paired ambulacra petaloid. Anterior petals slightly curved 
anteriorly, through c_^  15°; posterior petals almost straight, curved 
through < 5 *  laterally at their distal ends. Interpetal angles c^ 50° 
anteriorly, c_j_ 85° laterally and c_^  140° anteriorly. Petals long, 
subequal in absolute terms, length c_^  40% TL; however, anteriors 
extending 73% of perradial distance to ambitus while posteriors only 
manage c_^_ 61%. Petals narrow, width c_j_ 17.5% petal length, moderately 
sunken with base of interporiferous zones c_^  30% petal width below petal 
margins and Cj_ 50% below tops of adjacent interambulacra.
Interporiferous zone very narrow, forming flat floor to petal 
depression, maximum width c_^  15% that of petal, reducing to Cj_ 60% of 
this distally Base of petal sloping up gently and constantly beyond 
first developed respiratory pores to reach level of interambulacra 
distally. Within petals, poriferous zones equal or subequal in length, 
differing by less than 2%. Poriferous zone development rates subequal 
within posterior petals, each zone containing 27 developed respiratory 
pores but the posteriors including 2 more developing pores than the 
anteriors and expanding more slowly to their maximum width. Within 
anterior petals, anterior poriferous zone developing more slowly in 
width and pore character than posterior, IVa possessing only 28 
developed respiratory pores (with 7 more developing adapically), 
compared to 31 developed (with 4 developing) in IVb. Respiratory pore 
units are size and shape anisopores, orientated mainly perpendicular to 
petal axis, becoming oblique (with perradial pore adapical) only close 
to petal tip.
Anterior Ambulacrum
Slightly sunken at test apex, deepening towards ambitus and strongly 
depressed right up to peristome margin. Nonpetaloid; containing slightly
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enlarged nonconjugate isopores with strongly developed neural groove and 
large, swollen, periporal area in two meridional series down the centre 
of each plate column (Plate 110, figure 4). Pore orientation oblique 
adapically where long axis of pore at angle of c_j_ 70 to transverse 
sutures, with adradial pore above perradial; orientation becoming 
vertical by ambitus. Approximately 20 pores within peripetalous fasciole 
in each poriferous zone. Pores alternating with one or very rarely two 
small tubercles within their meridional column.
Other Ambulacra
Approximately four ambulacral plates per interambulacral plate in petals 
II and IV, reducing to two ambitally; two ambulacral plates per lA plate 
throughout in ambulacrum III. Pores microscopic between petals and 
phyllodes in all paired ambulacra, apparently conjugate shape 
anisopores; no obvious enlargement subanally. Phyllodes well-developed, 
by increases both in pore size and crowding; pores are unfunnelled oval 
unipores with a large neural groove and periporal area much enlarged and 
swollen adambitally; each pore occupying rounded prominence on adorai 
tranverse suture of its plate (Plate 110, figure 2); 3 phyllodal pores 
per poriferous zone in posterior paired ambulacra, 5-7 in anterior 
paired ambulacra and 4 in ambulacrum III. Interambulacra not specially 
inflated into bourrelets at the peristome margin.
Adorai Plate Arrangement
Labrum short and broadly agariform, posterior extension 7.3% TL, 
transverse elongation c_j_ 125%; apparently not extending beyond first 
adjoining ambulacral plate. Curving round slightly into peristome, not 
bordered by raised rim or sunken groove at peristome margin; bearing 
large posteromedially elongate tubercles identical to those of plastron 
as far as minimum width below peristomial "cap"; fine radially 
symmetrical tubercles thereafter. Plastron gently and bluntly keeled 
with a keel angle c_j_ 135 ; keel reaching maximum inflation at rear of 
sternals. Length of sternals along interradial suture c_^_ 37% TL, their 
maximum combined width c_^  80% of this. Periplastronal areas narrow, only 
up to 25% maximum combine width of sternals.
Fascioles
Peripetalous fasciole sharp, single, complete, enclosing whole of petals 
and all enlarged pores of anterior ambulacrum. Of complex and 
distinctive shape (text-figure 52); deeply and asymmetrically indented 
in all interambulacra, hugging the petal margins at their tips, passing 
across anterior ambulacrum as a straight line in anterior view. 
Re-entrant in unpaired interambulacrum with apex eccentric within lA 5b; 
re-entrants in lateral paired interambulacra with apex in anterior plate 
column; re-entrants in anterior paired interambulacra with apex 
eccentric posteriorly. Additionally the fasciole track is clearly 
inflected in columns lb and 4a. Apical system to inner edge of fasciole 
C" 23.6% TL in lateral interambulacra, c_^  31.4% TL in posterior 
interambulacrum and c_^_ 33.7% in anterior ambulacrum. Width of fasciolar 
band varying considerably; maxima around tips of anterior petals, c. 
1.6mm (2.6% TL) with 23 miliary rows; secondary maxima c_^  65% of this at 
tips of posterior petals; minima in middle of lateral and posterior 
interambulacra, c^ 0.7mm (1.2% TL) with 10 miliary rows, only slightly 
exceeded across anterior ambulacrum. Total length of fasciole track
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250% TL.
Subanal fasciole partially lost due to weathering in lectotype. Sharp, 
single, probably complete, aboral half certainly well-developed; 
strongly bilobate, enclosing subanal spine tufts, lacking anal branches. 
Enclosing area c_^  39.2% TL in width, Cj_ 12.1% T1 in maximum height, the 
latter constricted by c_j_ 60% interradially. Top of fasciole c_^ 9.1% TL 
below periproct along interradial 5. Maximum fasciole width below 
lateral margins of periproct, c_^  1.4mm with 20 miliary rows; minimum 
track width interradially on adorai side of fasciole, c_^  50% of this. 
Total length of fasciole track c_j_ 112% TL.
Tuberculation
Tuberculation pattern complex. Enlarged "primary" tubercles absent 
within petals aborally, within periplastronal areas and phyllodes 
adorally. Large "primaries" entirely within peripetalous fasciole 
aborally where they are arranged in a transverse rows (Plate 110, figure 
3); slightly increasing in size adapically; almost radially symmetrical 
at front of test, becoming slightly elongate posteromedially behind. 
Small primaries alternating with enlarged isopores in anterior 
ambulacrum, showing areole elongation upwards and perradially; smaller 
primaries outside peripetalous fasciole generally increasing in size 
anteriorly and subambitally, with minor variation due to tuberculation 
nodes on each plate, away from which tubercle always increase in size; 
packing density c_^  200 per centimetre squared in lateral interambulacra. 
Well-developed subanal tuberculation nodes associated with two circular 
areas of enlarged centrifugally elongate tubercles. Tubercles of lateral 
adorai margins are the largest outside the peripetalous fasciole and 
elongate adambitally. On plastron "primaries" in regular longitudinal 
and radiating series away from posterior node, elongate posteromedially.
Stratigraphie and Geographic Range
Apparently restricted to Lower Miocene of Anguilla.
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Family LOVENIIDAE Lambert, 1905 
Genus LOVENIA Desor, 1847 
Stratigraphie and Geographic Range
Earliest known representatives from the Eocene of the Mediterranean, 
becoming patchily pantropical by Miocene times. Caribbean records 
restricted to Oligocene and Miocene of the Lesser Antilles and Florida. 
Extant species known only from Indo-West Pacific and Panamic faunal 
provinces.
LOVENIA GREGORYI Lambert, 1922 
Plate 112; text-figure 53;
Appendix H, frames 245-268
Synonymy
V* 1922 Lovenia gregoryi Lambert, p.588, pi.9 (figs.5,6)
V 1984 Lovenia sp. Poddubiuk & Rose, p.119
V 1984 Lovenia gregoryi Lambert, Poddubiuk & Rose, p.120
Material
Holotype ............  BMNH E.12951
Other ...............  see Appendix H
Taxonomic Remarks
Two chronostratigraphically separated populations assignable to 
Lambert's species have been examined, in the Anguillan Formation, the 
source of the type material, and in the Antigua Formation. Although the 
samples obtained from these units are generally distinct, and were 
initially considered by the author to be separate species, more detailed 
analysis suggests the real differences between them are insufficient to 
justify this hypothesis. They are, however, distinguished below at 
subspecific level. In order that the reader may judge for himself the 
validity of this taxonomic solution, the separate populations are 
described as if they were separate species below.
Stratigraphie and Geographic Range
Upper Oligocene of Antigua and Lower Miocene of Anguilla.
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LOVENIA GREGORYI GREGORYI n.ssp. 
Plate 112, figures 1-4; text-figure 53; 
Appendix H, frames 245-254
Material
Holotype ......... holotype of species, BMNH E.12951
Other ............  see Appendix H
Size and Shape
Test small, largest known specimen 37.7mm in length. Ambital outline 
cordiform, truncate posteriorly; maximum width typically 84.2-94.2% TL 
and Cj^ 10% anterior (unusual narrowness of holotype, whose apparent 
width is only 66% TL, is due to severe lateral compression); anterior 
notch shallow to moderate, depth 1.7-6.8% TL. Lateral profile low-domed 
anteriorly, subelevated posteriorly, very slightly wedge-shaped; maximum 
height 28.3-38.7% TL in new material, c_^  45% TL in distorted holotype, 
moderately posterior, up to 75% TL behind anterior margin of test. 
Ambitus height c_^  20% TH anteriorly, rising only slightly to c_^  23% TH 
laterally. Transverse section low-domed anteriorly, becoming 
globocarinate posteriorly. Posterior truncation subvertical, truncation 
angle apparently ranging 75-105°, though in part this is probably due to 
distortion; rhomboidal, meridional height 19.4-22.8% TL and width
33.7-38.7% TL in uncrushed individuals; concave, with distinct subanal 
depression. Paired ambulacra flush throughout; anterior ambulacrum 
flattened to slightly depressed aborally, becoming strongly sunken 
subambitally. Lateral paired interambulacra not inflated. Aborally 
anterior paired interambulacra rising to shallow ridges down the middle 
of each plate column, the anterior more pronounced, accentuated into a 
raised node on the lower half of each plate. Interambulacrum 5 inflated 
into a blunt carina aborally and a very low blunt keel adorally; no 
subanal snouts. Adorai surface slightly concave. Test thin, thickness c_j_
0.5mm (1.5% TL). Much enlarged "primary" tubercles recessed in ampullae 
which project as centrally sunken camellae on the interior surface of 
the test. Species particularly prone to post-mortem shape distortion, 
probably due to thinness of test.
Peristome
Approximately semicircular, length 9.0-10.3% TL, width 18.0-19.8% TL, 
transverse elongation 193-199%, labral overhang apparently less than 5% 
peristome length. Located in slightly depressed area in middle of adorai 
surface, opening vertically downwards; moderately anterior, posterior 
test to anterior lip of labrum c_^  66% TL.
Periproct
Much distorted by lateral crushing in holotype but well seen in BMNH 
E.75725. Suboval, opening posteriorly and slightly downwards from upper 
part of posterior truncation; length c_j_ 9.2% TL, width 15.7% TL, 
transverse elongation c_^  170%.
Apical System
Total length 5.2-5.7% TL; eccentric anteriorly, centre by 4-18% TL;
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tetrabasal, ethmolytic, with madreporite flush; four subequal circular 
gonopores.
Petals
Only paired ambulacra petaloid. Posterior petals slightly flexuous, 
initially bending posteriorly through c_^  10°, then laterally through c^ 
15°. Interpetal angles Cj_ 40° posteriorly, c_^ 95° laterally and c^ 115° 
anteriorly. Petal length (apical system to last respiratory pore) 
moderate, anteriors always shorter than posteriors relative to test 
length, longer or shorter relative to perradial length. Length of 
posterior petals 34.8-42.6% TL, 55.8-71.6% perradial length, that of 
petal 1 always subequal to or slightly longer than that of petal V. 
Length of anterior petals 22.7-35.1% TL, 63.7-74.5% perradial length, 
apparently with petal IV always slightly longer than petal II relative 
to either test length or perradial length. Petals wide, width of 
posteriors 29.5-35.8% petal length, that of anteriors 34.3-48.6% petal 
length. Interporiferous zones typically widest between first developed 
respiratory pores and reaching 36.1-52.3% of maximum petal width; 
closing distally to 28.3-46.7% of their maximum width. Respiratory pores 
only developed outside internal fasciole; elongate conjugate isopores 
with oval to tear-shaped perforations. Poriferous zones very slightly 
depressed, width tapering gently to blunt petal tip. Poriferous zone 
length and development rate subequal in posterior petals, length of 
posterior poriferous zone 87-103% that of anterior, but number of 
developed respiratory pores typically equal, 12-14. In anterior petals 
anterior poriferous zone shorter, narrower and developing more slowly 
than posterior; length of anterior zone 57-84% that of posterior, 
maximum width c_^  75% that of posterior, and number of repiratory pores 
6-7 as against 9-11. Poriferous zones of adjacent petals proximally 
convergent throughout but never confluent. Anterior poriferous zones of 
anterior petals may or may not form a transverse crescent, though pore 
orientation within them is always parallel to test length.
Anterior Ambulacrum
Narrow, width at ambitus c^ 30% that of adjacent interambulacra; 
shallowly sunken aborally becoming strongly so subambitally but with 
groove created dying out before reaching peristome margin. Nonpetaloid; 
pores enlarged on both sides of internal fasciole but poorly preserved 
in all known material.
Other Ambulacra and Phyllodes
Pores single beyond petals, generally minute until phyllodes are reached 
except for five enlarged unipores along inner edge of subanal fasciole 
in admedial plate column of each posterior ambulacrum. Phyllodes unknown 
in Anguillan material, presumably similar to those of Lovenia gregoryi 
antiguensis.
Adorai Plate Arrangement
Labrum poorly preserved in known material but large and narrow, 
posterior extension c . 22.7% TL, maximum width c . 60% of its length. 
Plastron subtriangular, broad, shallowly but sharply keeled with 
inflation increasing posteriorly. Length of sternals c^ _ 29% TL with
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maximum combined width at their posterior end and c_^  22% TL. At least 
posterior part of labrum and anterior parts of sternals naked of primary 
tuberculation. Periplastronal areas wide, reaching c_^  64% maximum 
combined width of sternals.
Fascioles
Internal fasciole single, narrow, complete, truncating respiratory pore 
development of petals proximally (text-figure 53). Anteroposterior 
length of key-hole shaped area enclosed by fasciole c_^  27% TL, width c^ 
14% TL. Distance from apical system to inner margin of fasciole c. 5.7% 
TL along midlines of lateral interambulacra, c^  ^16.0% in anterior 
ambulacrum and c_^  7.6% TL in lA 5. Maximum width of fasciole track 
posteriorly, c.0.5mm (1.5% TL) with five rows of miliary tubercles; 
track width decreasing anteriorly to Cj_ 0.3mm (1.0% TL) with only three 
miliary rows.
Subanal fasciole sharp, single, complete, bilobate; enclosing two 
well-developed subanal spine tufts, adapical part skirting edge of 
posterior truncation/subperiproctal depression (text-figure 53). 
Enclosing area 36.6-40.5% TL in width, 15.2-19.1% TL in maximum height, 
constricting to 4.3-12.2% TL admedially. Maximum width of fasciole track 
moderate, 0.5-0.7mm (1.8-2.0% TL) with 6-10 miliary tubercle rows, 
thinning to c_^  50% of these levels laterally.
Tuberculation Pattern
Complex and distinctive, but poorly preserved in present material. 
Dominated aborally by the presence of very large partially sunken 
tubercles, radially symmetrical in plan and up to 1.2mm in diameter, 
outside internal fasciole in anterior parts of lateral paired 
interambulacra and posterior parts of anterior paired interambulacra. 
The platform of these enlarged tubercles is tilted posteriorly and 
noncrenulate, but rimmed and with a small mammelon. The ampullae in 
which they are housed project as camellae inside the test, the latter 
having a central sunken umbilicus projecting up inside the tubercle 
boss. Their numbers are rather variable; 14-21 in lateral paired 
interambulacra, of which 67-100% are in the anterior plate column; 9-12 
in the anterior paired interambulacra, of which 75-100% are in the 
posterior plate column. Adorally, tuberculation characterized by the 
restriction of supramiliary tubercles to the lateral margins (where 
diameters are Cj_ 0.6mm and areole elongation posterolateral) and to the 
rear of the plastron, in front of the well-developed subanal spine 
tufts. Fine pattern complicated by tuberculation nodes particularly in 
anterior paired interambulacra.
Stratigraphie and Geographic Range 
Lower Miocene of Anguilla.
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LOVENIA GREGORYI ANTGIGUENSIS n.ssp, 
Plate 112, figure 5;
Appendix H, frames 255-268
Material
Holotype ......  BMNH E.75656
Paratypes .....  BMNH E.75645, E.75660, E.75662-6 incl.,
BMNH E.82180-1 incl.
Size and Shape
Test small, largest known specimen 40.2mm in length. Ambital outline 
cordiform, truncate posteriorly; maximum width 83.5-97.1% TL, c_^  6% TL 
anterior; anterior notch moderate, depth 3.6-7.0% TL, width c_j_ 25% TL. 
Lateral profile depressed, slightly wedge-shaped with margins rounded 
anteriorly and laterally but elevated posteriorly.; maximum test height 
27.1-38.2% TL, 15% TL posterior. Ambitus height 13-35% TH anteriorly, 
similar or slightly lower laterally. Posterior truncation subvertical, 
slightly inclined, truncation angle c_j_ 100°; rhomboidal, trnsversely 
elongate, meridional height 15.4-26.5% TL, width 28.1-36.0% TL; concave, 
but with subanal depression weak. Petals slightly depressed. Posterior 
paired interambulacra not inflated; anteriors gently inflated to ridge 
along midline of anterior plate column, but with no corresponding ridge 
in posterior plate column. Interambulacrum 5 carinate aborally with 
ridge angle Cj_ 120° posteriorly; not keeled adorally, but slightly 
inflated towards two nodes posteriorly, one in each plate column. Adorai 
surface slightly concave by up to 15% TH. No subanal snouts. Test 
thickness 0.34-0.70mm (1.1-1.8% TL). Enlarged, partially sunken 
tubercles of aboral and adorai margins recessed in ampullae which 
project as centrally sunken camellae on the inner surface of the test.
Peristome
Reniform, sometimes almost semicircular; length 6.2-12.2% TL, width 
13.9-22.2% TL, tranverse elongation 129-250%, labral overhang 8.0-27.5% 
peristome length. Opening vertically downwards from depressed central 
portion of adorai surface; moderately anterior, posterior of test to lip 
of labrum 63.9-72.7% TL.
Periproct
Sublensoidal, lying in upper 30% of posterior truncation; meridional 
length 8.6-9.6% TL, width 15.1-18.8% TL, transverse elongation 176-196%.
Apical System
Total length 6.6-7.1% TL; subcentral or slightly eccentric anteriorly, 
centre by 1-10% TL. Tetrabasal, ethmolytic; madreporite flush with long 
posterior extension. Four subequal, subcircular to oval, gonopores with 
mean diameter c_^  0.4mm. Gonopores arranged in a square, each occupying 
much of the centre of its respective genital plate. Ocular plates large, 
approaching size of genitals; cordiform in shape.
Petals
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Only paired ambulacra petaloid. Posterior petals straight to slightly 
flexuous, initially bending posteriorly then laterally; anterior petals 
straight or curving slightly anteriorly through less than 20®.
Interpetal angles c_^  30° posteriorly, c_j_ 95® laterally and c_^  160® 
anteriorly. Petal length moderate; anteriors shorter than posteriors 
relative to test length, subequal or slightly longer relative to 
perradial length. Length of posterior petals c^ 38% TL, 60% perradial 
length. Anterior petals apparently unequal, with length of petal IV c^ 
33.5% TL and c_^  74% perradial length while that of petal II is c_^  31.9% 
TL and c_^_ 65% perradial length. Petals wide; width of posteriors 
30.0-38.8% of their length, that of anteriors 40.6-47.5% of their length 
(with petal II relatively wider than petal IV). Interporiferous zones 
moderate in width, reaching 34.1-44.5% maximum petal width; closing 
distally to 26.7-45.9% of their maximum. Respiratory pores only 
developed outside internal fasciole; elongate conjugate isopores with 
oval to pear-shaped perforations. Poriferous zone length, width and 
development rate subequal in posterior petals, where each zone is c_^  29% 
TL in length with c_^  13 respiratory pores. In anterior petals, anterior 
poriferous zone c^ 19% TL in length, 76-85% that of posterior poriferous 
zone, with c_j_ 8 respiratory pores as opposed to c_^  12 in latter, and 
also a slightly lower width. Poriferous zones of adjacent petals 
proximally convergent throughout, almost contiguous laterally, but never 
fully confluent. Anterior poriferous zones of anterior petals may or may 
not form a transverse crescent, though pore orientation within them is 
always parallel to test length.
Anterior Ambulacrum
Narrow, shallowly sunken aborally, deepening to frontal notch; becoming 
strongly sunken subambitally but dying out before peristome margin. One 
enlarged constricted isopore per plate as far as first subambitals.
Ambulacra
Pores minute and single between petals and phyllodes, except where 
subanal tube feet developed within subanal fasciole. Phyllodes short, 
consisting of a few enlarged unipores between the slightly raised 
interambulacral pseudobourrelets which bear enlarged tubercles 
immediately adjacent to the peristome. Two phyllodal pores per 
poriferous zone in posterior paired ambulacra and Ilia, three per 
poriferous zone in anterior paired ambulacra and Illb.
Adorai Plate Arrangement
Labrum long and narrow, posterior extension 20.0-22.4% TL, maximum width 
42.4-45.2% of its length; extending back just past middle of third 
adjacent ambulacra plate; curving into peristome anteriorly before 
terminating at a narrow rim; distinctly waisted below peristome; bearing 
c. 15 large tubercles immediately behind peristome. Plastron 
subtriangular, broad, very slightly and evenly curved, rising 
posteriorly at 10-25* to ambital plane, but not projecting downwards 
beyond level of lateral margins. Sternals 26.7-29.2% TL with a maximum 
combined width of 22.6-23.3% TL reached at their posterior end; anterior 
half of each devoid of tuberculation. Periplastronal areas wide, 
typically c_^  80% maximum width of plastron but rather variable.
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Fascioles
Internal fasciole single, narrow, complete; proximally truncating 
respiratory pore development in petals; enclosing a slightly 
keyhole-shaped area c_j_ 26% TL long and c_^  12% TL wide. Distance from 
apical system to inner margin of internal fasciole c_^  4.7% TL along 
midlines of lateral interambulacra, c_^  16,7% TL in anterior ambulacrum 
and c^ 6.7% TL in lA 5. Maximum width of fasciole track posterior of 
apical system, c_j_ 0.66mm (2% TL) with 9-10 rows of miliary tubercles.
Subanal fasciole sharp, single, complete; bilobate enclosing two 
well-developed subanal spine tufts; area enclosed 44.9-48.5% TL in 
width, 15.9-17.3% TL in maximum height, constricting to c_^  9% TL 
interradially. Maximum width of fasciole track moderate c_j_ 1.0mm (2.8% 
TL) with c_^  11 rows of miliary tubercles.
Tuberculation
General pattern as in Lovenia gregoryi gregoryi. Aborally 17-21 large 
sunken tubercles in lateral paired interambulacra, of which 59-85% lie 
in the anterior plate column. Typically 7-13 well-developed examples in 
the anterior paired interambulacra, of which 69-92% are in the posterior 
plate column; rarely up to 6 additional, much smaller developing 
examples in the anterior plate column. No oblique lines of enlarged 
tubercle adjacent to interradial 5 aborally.
Stratigraphie and Geographic Range 
Upper Oligocene of Antigua.
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Suborder ASTEROSTOMATINA Fischer, 1966 
Family ASTEROSTOMATIDAE Pictet, 1857
Genus ANTILLASTER Lambert, 1909
Stratigraphie and Geographic Range
Middle Eocene to Lower or Middle Miocene of Mexico, the West Indies and 
northeastern South America.
ANTILLASTER ELEGANS (Jackson, 1922) 
Plate 113; Appendix H, frames 269-276
Synonymy
V* 1922 Eupatagus elegans Jackson, p.94, pi.16 (fig. 8),
pi.17 (fig. 1)
V 1984 Antillaster elegans (Jackson), Kier, pi,79 (figs.1,2)
V 1984 Antillaster elegans (Jackson), Poddubiuk & Rose, p.119
Kier (1984) admirably reillustrated the holotype, obviating the need to 
do so here, but provided no written description or numerical details of 
the species.
Material
Holotype ...............  AMNH 18574
Other  .............  see Appendix H
Size and Shape
Test large, known specimens 90-119mm in length. Ambital outline ovoidal; 
broad, maximum width 86-96% TL, slightly anterior by 1-6.3% TL; frontal 
notch slight or absent (its depth not exceeding 1% TL), though 
flattening of outline across anterior ambulacrum is typical. Lateral 
profile asymmetrically subconical with anterior and posterior cambers c_j_ 
30° and c_^  15° respectively; subtruncate posteriorly; maximum test 
height 29.6-47.8% TL, slightly eccentric anteriorly, by 3.8-11.3% TL, 
near apical system. Margins sharply rounded; ambitus low, 8-10% TH above 
test base both anteriorly and laterally. Posterior truncation very 
poorly preserved in all known specimens; overhanging with truncation 
angle c_j_ 70°; small and approximately square with height and width both 
c. 20% TL; largely occupied by periproct. Petals slightly sunken below 
gently swollen interambulacra adapically, becoming flush adambitally. 
Posterior interambulacrum variably inflated, sometimes developed into 
low carina, crest angle 125-180°. Adorai surface slightly concave; 
centrally located peristome raised by up to 8% TL (25% TH) above test 
margins. Lateral and anterior phyllodes depressed within long grooves. 
Labrum and plastron slightly inflated above adjacent ambulacra, but not 
developed into keel or projecting below test margins. No subanal snouts 
or depressions. Test thickness moderate, c_^  1% TL.
P^istome
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Reniform to rounded crescentic; length 9.3-9.4% TL, width 15.3-16.2% TL, 
transverse elongation 162-175%; labral overhang high, 35.3-36.4% 
peristome length. Located in depressed area of adorai surface slightly 
to moderately anterior, posterior test to anterior of labrum apparently 
50-67% TL
Periproct
Very poorly preserved in all known material. Large, suboval, vertically 
elongate, occupying most of posterior truncation, not visible from 
aboral surface; margins not incurved; meridional length c_j_ 15-22% TL, 
width Cj^ 14-18% TL, transverse elongation 81-90%.
Apical System
Moderate to large, total length 5.4-8.1% TL; centre slightly anterior, 
by 3.1-6.8% TL; at apex of test or slightly sunken beneath proximally 
swollen parts of interambulacra. Tetrabasal, ethmolytic, with posterior 
extension of madreporite very broad between posterior genital plates; 4 
subequal gonopores, anteriors marginally smaller than posteriors and 
much closer together.
Petals
Only paired ambulacra petaloid. Posterior petals straight or evenly 
curved anteriorly through up to 10°. Interpetal angles 75-80° laterally, 
135-150° anteriorly and c_^  60° posteriorly. Petals long, subequal in 
absolute length (all 44-50% TL), but with posteriors extending c_^  80% of 
perradial distance to ambitus and anteriors c_^  ^92%. Petals narrow, width
18.8-22.6% petal length; interporiferous zones moderately wide, reaching 
38-52% of maximum petal width. Poriferous zones equal or subequal in 
length, ending bluntly; very widely open, almost fully divergent, width 
of interporiferous zone at distal end of petal 98.1-99.6% of its maximum 
width. Posterior petals with c_^  5 pores per poriferous zone more and 
anteriors. Petaloid pores are conjugate shape and barely size 
anisopores; developing at approximately the same rate in both poriferous 
zones of posterior petals, and in posterior poriferous zone of anterior 
petals, but more slowly in anterior poriferous zones of latter. In 
holotype, total number of fully developed respiratory pores 
approximately 38 in Vb, 37 in Va, 35 in IVb, but only 32 in IVa. Packing 
of respiratory pores rather low, 5-7cm-l poriferous zone. Pore 
orientation approximately perpendicular to petal axis, or only very 
slightly oblique.
Anterior Ambulacrum
Rather narrow, expanding evenly to ambitus where its width reaches 
23-37% that of lA 3. Nonpetaloid; flattened or very slightly sunken 
aborally, with minute unenlarged pores discernable only in 
well-preserved holotype.
Ambulacra Adorally
Subanal region very poorly preserved in all known specimens but 
apparently lacking enlarged ambulacral pores. Phyllodes well-preserved
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in AMNH 18575, approximately rectangular, depressed, with relatively 
numerous but small unipores: 5 per poriferous zone in posterior 
ambulacra, 9 or 10 in Ila or IVb, 10 or 11 in Ilb/IVa, and at least 4 
per poriferous zone in ambulacrum III.
Adorai Plate Arrangement
Only known from AMNH 18575. Labrum large, short and broad, extending 
back to rear of fourth plate from peristome in adjacent ambulacra; 
posterior extension c_^  9.7% TL, width c_^  13.4% TL; not bordered by rim 
or groove; bearing large tubercles identical to those of sternals which 
decrease in size only on peristome overhang. Plastron almost flat, 
slightly swollen posteriorly; comprising sternals, episternals and 
preanals; total length c_^  54.4% TL, maximum width posterior, across 
preanals, c_^  22.5% TL. Sternal plates short and narrow; length along 
interradial suture c_j_ 26.4% TL, combined width c_^  20.6% TL. Width 
periplastronal areas approximately constant along their length, 
moderate, Cj_ 47% maximum width of plastron.
Fascioles
None present even in well-preserved material.
Tuberculation
Very simple in pattern. Enlarge "primary" tubercles absent aborally in 
poriferous zones of petals and in ambulacrum III, adorally in the 
periplastronal areas and within the phyllodes. Outside these areas, 
aboral tuberculation essentially uniform in size and packing density 
from apex to ambitus; radially symmetrical, c_^  1.4mm in diameter, with 
large boss 65% of overall diameter at its base; packing density low, 
c. 29 per centimetre squared, with packing efficiency only some 45%. 
Adorally tubercles slightly larger, up to 1.8mm diameter, with boss only 
some 50% of overall diameter and irregularly posteriorwards areole width 
enlargement up to 170%; packing density low, c_j_ 27 per centimetre 
squared on lateral areas and mature anterior part of plastron, but 
packing efficiency high, c_^  69%.
Stratigraphical and Geographical Range
Upper Oligocene of Antigua and Puerto Rico; absent from the extensive 
and closely examined Cuban Oligo-Miocene.
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Synonymy
V* 1922
1928 
1937 
? 1949
?
y
ANTILLASTER VAUGHANI (Jackson, 1922)
Plate 114; Appendix H, frames 277-284
Eupatagus vaughani Jackson, p.96, pi.17 (fig. 2),
pi.18 (figs. 1-2) 
Antillaster vaughani (Jackson), Lambert, p.277, text-fig. 4 
Eupatagus mexicanus Jackson, p.234, pi.14, pi.15 (fig. 1) 
Antillaster cartagensis Sanchez Roig, p.188, pi.22 (fig. 2) 
1951 Antillaster giganteus Sanchez Roig, p.48
1951 Antillaster herrerae Sanchez Roig, p.49, pis.27, 28
1951 Antillaster depressus Sanchez Roig, p.51, pi.29
? 1952c Antillaster gueyarai Sanchez Roig, p.9, pi.4 (figs. 1-2)
1953a Antillaster expansus Sanchez Roig, p.63, pi.18
? 1958 Eupatagus vaughani Jackson, Casanova, p.3
1984 Antillaster vaughani (Jackson), Kier, p.140, pis.84-86,
pi.87 (figs.1-3)
V 1984 Antillaster vaughani (Jackson), Poddubiuk & Rose, p.119
Material
Holotype .................  USNM 328245
Paratypes ................  USNM 328246
Other ..................... see Appendix H
The holotype is very poorly preserved and already well-figured by 
Jackson (1922), consequently another almost complete specimen from the 
type formation on Antigua is illustrated herein, together with Jackson's 
paratype which shows fine details of the tuberculation not previously 
illustrated even in the fine photographs of Cuban material published by 
Kier (1984). In addition to the Antiguan material examined personally by 
the author, of which measurements are provided in Appendix H, use was 
made where possible of information provided by Kier (1984), though 
characters outside the range of the Antiguan material are specifically 
noted.
Size and Shape
Test large, up to 170mm length in known material. Ambital outline oval, 
very broad; maximum width very stable 91.0-94.1% TL in Antiguan 
specimens, slightly anterior by 2.9-9.2% TL; frontal notch absent; 
slight flattening of outline sometimes discernable across ambulacrum 
III. Lateral profile low to high-domed, as is frontal profile. No true 
posterior truncation, but very large inframarginal periproct gives the 
appearance of one with a truncation angle of c_^  70°. Maximum test height 
very variable 38-62% TL in Antiguan material, according to Kier (1984) 
as low as 30% TL in Cuban material. Test margins rounded, height of 
ambitus 11-36% TH. Petals and anterior ambulacrum flush aborally, 
intervening interambulacra not inflated. Central 60% of adorai surface 
slightly concave, raising peristome by c_^  25% TH above test base, with 
phyllodes moderately sunken; labrum and plastron slightly convex in 
transverse section, inflation increasing posteriorly but never strongly 
elevated or sharply keeled
Peristome
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Very poorly preserved in all Antiguan material. Rounded crescentic, 
length 6.6-7.5% TL and width 17-19% TL, with labral overhang 10-30% 
peristome length in Cuban material examined by Kier (1984); moderately 
anterior, posterior test to anterior tip of labrum 68-78% TL.
Periproct
Very large, vertically lensoidal with flush margins; clearly truncating 
curve of test; meridional length 13-18% TL, width 11-17% TL, transverse 
elongation 82-94%.
Apical System
Moderate in size, length c^ 4.5% TL; centre moderately anterior, by 
10-20% TL, and in front of topographic test apex. Tetrabasal, ethmolytic 
with 4 subequal gonopores, anteriors closer together than posteriors.
Petals
Only paired ambulacra petaloid. Petals entirely flush; curved slightly 
forward, posteriors through c_^  10®, anteriors through c_^  20°; overall 
interpetal angles 65-80° laterally, 155-170° anteriorly, _c^  60° 
posteriorly. All petals very long, unequal in absolute terms, length of 
anteriors 38.9-50.0% TL while that of posteriors 61.1-69.2% TL in 
Antiguan material, according to Kier (1984) 50-60% TL in Cuban material. 
All petals extending 86.5-95.1% of distance from apex to ambitus, 
generally over 90%. Petals narrow, width 16.0-23.2% petal length. 
Interporiferous zone moderately wide, reaching 38.7-54.2% maximum petal 
width. Poriferous zones subequal in length, ending bluntly, fully 
divergent or slightly closing with width of interporiferous zone 80-100% 
of its maximum at the distal end of the petal. Respiratory pore units 
comprising conjugate anisopores with suboval perforations differing only 
very slightly in size and elongation; pore unit orientation precisely 
perpendicular to petal axis; rate of development approximately equal in 
all poriferous zones. In Antiguan material total number of pores 65-67 
per poriferous zone in posterior petals, 55-60 per poriferous zone in 
anterior petals; apparently somewhat fewer in Cuban material (Kier,
1984, records 33-48 in anterior petals, 42-66 in posteriors). Pore 
packing moderate, 7-11 per centimetre.
Anterior Ambulacrum
Narrow, expanding little towards ambitus where its width is 14-20% that 
of lA 3; flush aborally where it is nevertheless easily distinguished by 
the lack of enlarged "primary" tubercles. Nonpetaloid; pores minute 
aborally.
Ambulacra Adorally
Enlarged pores absent below periproct. Long, well-developed, shallowly 
sunken phyllodes with many unipores but no development of bourrelets. 
Phyllodal area extending approximately 75% of way from peristome to 
ambitus in ambulacra II-IV. In posterior ambulacra pores remaining large 
well beyond limits of phyllode proper. Number of phyllodal pores in 
combined Cuban/Antiguan sample is 6-8 in ambulacra I; 12-13 in ambulacra
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II, IV; 8-11 in anterior ambulacrum.
Adorai Plate Arrangement
Barely discernable in Antiguan material but well seen in Cuban material. 
Labrum large and broad; length 9.5-11% TL, width 11-13% TL (Kier, 1984); 
not bordered by rim or groove; bearing tubercle like those of plastron, 
at least posteriorly. Plastron slightly convex and inclined anteriorly. 
Length of sternals 29-33% TL, combined width 29-32% TL (Kier, 1984).
Fascioles
None present, even in well-preserved material.
Tuberculation
Tuberculation pattern simple but stable and distinctive (Plate 114, 
figure 3). Numerical data based on BMNH E.82184. Enlarged primary 
tubercles absent only from poriferous zones of petals and anterior 
ambulacrum aborally, periplastronal areas and phyllodes adorally.
Overall tubercle size essentially constant over rest of test surface; 
outline subcircular, diameter 2.0-2.1mm, with each enlarged "primary" 
tubercle surrounded by its own scrobicular ring of finer "secondaries". 
Three areas of test distinguishable on the basis of boss size, areole 
elongation and packing. Aborally tubercles radially symmetrical, boss 
comprising 65-70% of tubercle diameter, packing density c_^  6 per 
centimetre squared, packing efficiency c^ 20%. Tuberculation character 
changing gradationally below ambitus. Arabital tubercles having a 
relatively smaller boss (diameter 50-55% tubercle diameter), showing 
adapical areole enlargement up to 250% and much more densely packed 
(density c_^  19 per centimetre squared; efficiency c_j_ 60%). Tubercle of 
adorai margins and plastron with boss diameter c_j_ 55% that of tubercle 
and distinct areole enlargement up to 200%; elongation posterolateral 
outside peripetalous fasciole but due posterior on plastron; packing 
density and efficiency similar in both areas, c_^  11 per centimetre 
squared and c_^  35% respectively in BMNH E.82184, up to 19 per centimetre 
squared and 60% in other specimens such as E.82006. Apparently 
associated spines visible on adorai surface of paratype; short, 
cylindrical or tapering to sharp tip (Plate 114, figure 3).
Stratigraphical and Geographical Range 
Late Oligocene of Antigua, Cuba and Mexico.
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APPENDIX H
Numerical Data on the Morphology of Antiguan and Anguillan Echinoid Taxa
3 microfiches, separately paginated from printed text
Microfiche Number Frame Number
Introduction
Regular Echinoid Numerical Data 
Clypeasteroid Numerical Data 
Cassiduloid Numerical Data 
Spatangoid Numerical Data
1
23
38
117
150
PODDUBIUK, R.H. Ph.D. 1987 Univ. London ' Appendix H 1 of 3
PODDUBIUK, R.H. Ph.D. 1986 Univ. London Appendix H 2 of 3
PODDUBIUK, R.H. Ph.D. 1986 Univ. London Append!
X H 3 of 3
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APPENDIX I
Keys for the Identification of Antiguan and Anguillan Echinoids
The purpose of the keys presented is to allow rapid 
identification by non-specialists of the known species of Antiguan and 
Anguillan fossil echinoid. Since the most pressing need for such keys 
is usually felt in the field where specimens may be poorly preserved 
or partially exposed, emphasis has been laid on robust and easily 
observed characters with several alternative decision-making criteria 
provided at each key dichotomy (or separate keys for different 
parts/views of the same animal, if this is more practical). Sole 
reliance cannot therefore by made on details of the apical system, 
fasciolation, pore character or the like, no matter what their 
systematic importance and usefulness if preserved. Although the keys 
presented herein may be aesthetically less pleasing than more succinct 
examples assuming good preservation and exposure of the entire test 
(e.g. Challis, 1980, p.183), the early experience of the author 
suggests that they are considerably more useful. Even for 
well-preserved material multiple criteria allow double-checking at 
each identification level, and therefore a greater degree of 
confidence in the final result where checking against full 
descriptions and illustrations is impossible.
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Key for the Ordinal Identification of Antiguan and Anguillan Echinoids
1. Periproct endocyclic; peristome central,
subcircular, large (MD>25%TL) ....................................  2
Periproct exocyclic; peristome central or
anterior, subcircular or not, small (MD<25%TL) ................... 3
2. Ambulacra and poriferous zones smoothly sinuous, 
with no plate compounding; peristome lacking
buccal slits; radioles large and robust ..........   Cidaroida
Ambulacra straight, including compound plates; 
peristome with buccal slits;
radioles small and slender ............................... Echinoida
3. Width of ambulacra increasing regularly to 
ambitus aborally; peristome irregular, with
long axis oblique ......................................  Echinoneina
Width of ambulacra not increasing regularly to 
ambitus aborally; peristome symmetrical, with
long axis transverse ...................     4
4. Anterior ambulacrum petaloid, never depressed; 
small sunken tubercles covering entire test;
all interambulacra with similar plating pattern ..................5
Anterior ambulacrum nonpetaloid, often depressed; 
sunken tubercles absent, or rare and localized; 
posterior interambulacrum distinct adorally in
possession of large meridionally elongate plates ....  Spatangoida
5. Poriferous zones of petals equal or subequal; 
microunipores occurring outside them; 4 or 5 
gonopores; width of ambulacra exceeding that of 
interambulacra adorally; no phyllodes; test
with internal skeletal supports .................... Clypeasteroida
Poriferous zones often very unequal; 
microunipores absent; only 4 gonopores; width 
of ambulacra less than that of interambulacra 
adorally; phyllodes well-developed;
no internal supports within test ...............  Cassiduloida
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Key for the Identification of Antiguan and Anguillan Cidaroid Species
from Tests and Isolated Plates
1. Median area of interambulacra entirely
covered by secondary tubercles .........................   2
Central part of median area lacking
secondary tubercles   Tretocidaris anguillensis
2. Diameter of primary lA tubercles <60%
width lA plate ..................................................... 3
Diameter of primary lA tubercles >60%
width lA plate ........    Phyllacanthus peloria
3. Less than 7 columns of secondary lA
tubercles between IR suture and primary;
test diameter less than 40mm  ........ Prionocidaris clevei
More than 6 columns of secondary lA
tubercles between IR suture and primary;
test diameter more than 40mm  ........P_i. spinidentatus
Key for the Identification of Antiguan and Anguillan Cidaroid Species 
from Isolated Radiole Fragments
1. Radioles spinulose or coarsely nodulose......    2
Radioles smooth or very finely nodulose .........................  3
2. Radioles small and strongly tapered; 
spinules undeveloped or restricted to 
a few proximal whorls; spinule length
<20% shaft diameter ..................... Prionocidaris clevei
Radioles large, little-tapered; very 
coarsely spinulose throughout; spinule
length typically >20% shaft diameter ... 2^ spinidentatus
3. Radioles large (>40mm long), robust, little 
tapered, longitudinally ridged near blunt 
distal tip; surface covered by many
longitudinal series of fine nodules .... Phyllacanthus peloria
Radioles small (<40mm long), moderately 
tapered, not ridged distally, lacking 
ornament except for a few nodules near
its collar ............................... Tretocidaris anguillensis
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Key for Identification of Antiguan and Anguillan Regular Euechinoids
Ambulacral pores in 3 vertical series 
within each poriferous zone; ambulacral 
plates supercompounded trigeminate with 
primary tubercle every 9-18 pores; 
buccal slits at least as deep as wide;
test large, diameter typically >45mm ............................  2
None of above ...................................................... 3
2. Larger lA tubercles arranged in transverse 
rows, with secondaries similar in size
to primaries ...........................  Tripneustes sp. ^
Interambulacral tubercles not forming 
transverse rows; primaries much large
than secondaries .........      Tripneustes tintamarrensis
3. Ambital outline, peristome and apical
system all slightly to strongly elongate 
(width <95% length); test base arched in 
lateral profile; maximum peristome
diameter >50% minimum test diameter ... Echinometra prisca
Ambital outline, peristome and apical 
system subcircular, sometimes slightly 
pentaradial (width >95% length); test 
base planar in lateral profile; maximum
peristome diameter <50% minimum test diameter ............ .
4. Primary tubercles noncrenulate with 
solid unindented boss;
test not sculptured ...................  Psammechinus anguillensis
Primary tubercles crenulate with 
raised, indented boss; test pitted 
and with weak epistromal ridges
radiating from primaries ............ .. Irenechinus rosei
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Key for the Identification of Antiguan and Anguillan Clypeasteroids in
Aboral View
1. 4 genital pores; test length <20mni   Sismondia anguillae
5 genital pores;
test size >20mm at sexual maturity ............................... 2
2. Poriferous zones of petals divergent
throughout ...........................    Clypeaster julii
Poriferous zones of petals parallel or
convergent distally  ...................    3
3. All petals widely open distally;
terminal width of interporiferous zone
>40% of its maximum w i d t h ..........................batheri
Width of interporiferous zone at distal 
end of petal <40% of maximum IPZ width;
petal III distinctly more open than others  .................... 4
4. Aboral surface dished marginally;
length petal III <55% perradial length .......  oxybaphon
Aboral surface not dished marginally;
length petal III >55% perradial length .......  concavus
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Key for the Identification of Antiguan and Anguillan Clypeasteroids in
Lateral View
1. Test high-domed with height >45% length   Clypeaster julii
Test height <35% length ........................................... 2
2, Aboral surface dished immediately
inside tumid marginal zone; test height
<22% test length; test length >20mm .......... oxybaphon
Aboral surface not distinctly dished;
margins thick but not swollen  ...............     3
3. Ambital plane and base of test arched in 
lateral view; no distinct apical mound; 
packing density of ambital tubercles not 
exceeding 150 per cm ..........   C^ batheri
Ambital plane flat and test margins not 
arched in lateral view; tuberculation
density at ambitus >150 per cm ................................. 4
4. Ambital tuberculation density <500 per cm ;
test length < 2 0 m m .............................. C_^  concavus
Ambital tuberculation density >500 per cm ;
test length >20mm .............................. Sismondia anguillae
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Key for the Identification of Antiguan and Anguillan Clypeasteroids in
Adorai View
1. Rear of periproct at least 2 periproct
lengths from posterior margin of test ...........................  2
Rear of periproct less than 2 periproct
lengths from posterior margin of test ...........................  3
2. Periproct relatively small, <4%TL;
adorai tuberculation density <200 per cm ;
test large typically >100mm long ................. lulii
Periproct relatively large, >4%TL; 
adorai tuberculation density >500 per cm ;
test very small, <20mm long .................. Sismondia anguillae
3. Food grooves not developed  ............. Clypeaster batheri
Food grooves developed .......................   4
4. Periproct transversely elongate, <90% 
of its own length from rear of test,
without inverted rim .........................  C^ concavus
Periproct subcircular or longitudinally 
elongate, >90% of its own length from
rear of test, usually with inverted rim   C^ oxybaphon
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Key for the Identification of Antiguan and Anguillan Cassiduloids
1. Length of anterior paired petals <45% TL; 
length of anterior poriferous zone in 
anterior paired petals less than 85% that 
of posterior poriferous zone ............ .
Length of anterior paired petals >45% TL; 
length of anterior poriferous zone in 
anterior paired petals not less than 85%
that of posterior poriferous zone ......... Echinolampas semiorbis
2. Test high, height typically over 50% TL, with 
ambital height not decreasing posteriorly; 
test length normally >52mm; poor
development of bourrelets .................  Echinolampas sp. a
Test relatively low, height typically <50% TL, 
with ambital height decreasing posteriorly; 
test length normally <52mm; moderate
development of bourrelets .................. E^ lycopersicus
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Key for the Identification of Antiguan and Anguillan Fossil
Spatangoids in Aboral View
1. Much-enlarged (>lmra diameter), partially 
or completely sunken tubercles in paired
interambulacra ..................      12
Enlarged tubercles absent or differently
distributed ........................................................ 2
2. Apical system more than 5%TL posterior;
lateroanal fasciole present ....................................  3
Apical system subcentral or anterior;
no lateroanal fasciole ............................................  5
3. Ambital outline cordiform; petals and 
anterior ambulacrum strongly depressed; 
both poriferous zones of each petal 
developing normal respiratory pores ...
Ambital outline oval; petals and anterior 
ambulacrum flush or slightly depressed; 
anterior poriferous zones of anterior petals
4. Apical system always subcentral;
peripetalous fasciole close to edges of 
posterior petals for up to half their
Apical system typically posterior; 
peripetalous fasciole only reaching 
posterior petals at their tips; 
test length typically < 3 5 m m ...... .
Schizaster munozi
Schizaster clevei
5. Petals extending almost to ambitus (length 
>85% perradial length); interporiferous 
zones of petals relatively wide (>35% maximum
petal width); fascioles entirely absent ........................  13
Petal length <85% perradial length; maximum 
width interporiferous zone <35% maximum petal
width; peripetalous fasciole present  .........................  6
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6 . Test width <75% length, test height >50%
length); anterior petals transverse ........ Brissus exiguus
Test width >75% test length, test height <50%
test length; anterior petals not tranverse ............   7
7. Posterior petals within a common depression 
behind apical system, within which their
admedian poriferous zones are undeveloped .....................    8
Posterior petals not lying within a common
depression adapically .........................................   9
Posterior petals longer than anteriors and
extending over 50% perradial length ........ Brissopsis antillarum
Posterior petals shorter than anteriors and
extending under 50% perradial length ....... B^ sp.ja (cf. jimenoi)
[N.B. Juveniles <25mm long poorly known, but may not be 
distinguishable using these criteria]
9. Apical system moderately anterior, by >12% TL; 
petal length >39%TL; tubercles enlarged 
between petals; 4 gonopores; subanal fasciole
but no marginal fasciole ........................................  10
Apical system slightly anterior, by <12%TL; 
petal length <39%TL; aboral tuberculation 
uniform outside petals themselves; 3 gonopores;
marginal but no subanal fasciole ................................ 11
10. Posterior interambulacrum carinate; 
frontal notch well-developed but
distinctly assymmetrical .................... Meoma clevei
Posterior interambulacrum noncarinate; 
frontal notch slight or moderate,
subsymmetrical ............................... antillarum
11. Anterior groove slight (depth <3.5% TL); 
petals slightly depressed;
marginal fasciole mainly supra-ambital ....  Pericosmus mortenseni
Anterior groove moderate (depth >3.5% TL); 
petals moderately depressed;
marginal fasciole ambital   ................  P_^  blanquizalensis
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12. Respiratory pore development beginning 
immediately at apex; petals fully closed 
proximally; anterior notch slight/absent; 
enlarged tubercles evenly distributed
within paired interambulacra........ Eupatagus cubensis
Respiratory pore development not 
beginning at apex; petals widely open 
proximally; anterior notch well-developed; 
enlarged tubercles mainly in anterior
lA 1, 4 and posterior part lA 2, 3 ........ Lovenia gregoryi
13. Apical system <8% TL anterior, at
topographic apex of test; petals slightly 
sunken adapically, length of posteriors
less than 55% TL    Antillaster elegans
Apical system more than 8% TL anterior, 
in front of topographic test apex; petals 
entirely flush, length of posteriors
more than 55% TL ...........................  Antillaster vaughani
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Key for the Identification of Antiguan and Anguillan Fossil
Spatangoids in Adorai View
1. Plastron flat or weakly inflated, 
not keeled .......................
Plastron moderately or strongly inflated, 
with inflation increasing posteriorly, 
bluntly to sharply keeled ...............
2, Test concave adorally; tubercles of lateral 
margins larger than those of plastron; labrum 
bearing tubercles like those of sternals;
sternals narrow, combined width <25%TL ..........................  3
Test convex adorally; largest tubercles on 
anterior part of plastron; labrum lacking 
large tubercles; sternals broad, combined
width > 2 5 % T L .......................................................  9
3. Plastron bearing tubercles over its
entire surface ..................................................... 4
Plastron naked of tubercles anteriorly ....  Lovenia gregoryi
4. Phyllodes subequal, flush, with 2-3 very 
enlarged unipores per poriferous zone; 
peristome small, length <6%TL; clear 
tuberculation nodes on episternals as
well as sternals ................    5
Phyllodes very unequal, depressed, with 
5-13 small unipores per poriferous zone; 
peristome large, length >6%TL; no
tuberculation nodes on episternals ............  6
5. Peristome length <4.5%TL; labral 
overhang >50% peristome length;
length of sternals > 3 5 % T L......   Pericosmus mortenseni
Peristome length >4.5%TL; labral 
overhang <50% peristome length;
length of sternals <35%TL ................... blanquizalensis
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6 . Peristome length <8%TL; slightly anterior, 
posterior test margin to anterior tip of
labrum <67%TL; sternals short and narrow,
length <28%TL, combined width <25%TL   Antillaster elegans
Peristome length >8%TL; moderately anterior
posterior test margin to anterior tip of
labrum >67%TL; length of sternals > 28%TL,
combined width >25%TL ....................... 2 î_ vaughani
7. Labrum long, posterior extension >18%TL; 
subanal fasciole subtriangular; tubercles 
of lateral margins much larger than those
of plastron   Eupatagus cubensis
Posterior extension of labrum <18%TL; 
subanal fasciole reniform; tubercles of 
lateral margins similar in size to those
of plastron ......................... ............................. .
Test small (all known specimens under 
55mm long), broad (width >75%TL);
with labrum length >9%TL ....................  Brissopsis antillarum
Test large (all known specimens over 
80mm long); test width <75%TL;
labrum length <9%TL ............................ sp.^ (cf. jimenoi)
9. Sternals forming entire plastron,
medial length of sternals >45%TL ................................ 10
Sternals not forming entire plastron,
medial length <45%TL .............................................  12
10. Ambital outline subcordiform; anterior
ambulacrum depressed subambitally ............................... 11
Ambital outline suboval; anterior
ambulacrum flush adorally   Agassizia clevei
11. Periplastronal areas narrow, width <10% 
plastron width; test length typically
exceeding 35mm  ..........................  Schizaster munozi
Width of periplastronal areas exceeding 
10% plastron width; test length typically
less than 35mm ............................... Schizaster clevei
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12. Ambital outline cordiform; width >75%TL;
test large, typically >40mm long ................................ 13
Ambital outline suboval; width <75%TL;
test small, <40mm long ......................  Brissus exiguus
13. Anterior ambulacrum flush at peristome 
margin; peristome <5%TL long and >15%TL 
wide; front of labrum >76%TL from
posterior of test ...........................  Meoma antillarum
Anterior ambulacrum depressed right to
peristome margin; peristome >5%TL long
and <15%TL wide; front of labrum <76%TL
from posterior of test  .....................M_j_ clevei
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Key for the Identification of Antiguan and Anguillan Fossil
Spatangoids in Side View
N.B. Paucity of other characters necessitates some reliance on 
those of fascioles; on material partially exposed in manner requiring 
use of this key, their preservation is normally good.
1. Large sunken tubercles supra-arabitally
in paired interambulacra .......................................... 2
No large sunken tubercles above ambitus .........................  3
2. Enlarged tubercles concentrated in front 
of lateral interambulacra and rear of 
anterior interambulacra; no peripetalous
fasciole; test length <50mm ................  Lovenia gregoryi
Enlarged tubercles uniformly distributed 
within paired interambulacra; peripetalous 
fasciole skirting upper part of test margin
laterally; adult test length >50mm ......... Eupatagus cubensis
3. Lateral outline domed or subconical .............................. 4
Lateral outline subglobose, elevated
or wedge-shaped ...................................................  8
4. No trace of petals on strongly curved
margin; marginal fasciole present  .........    5
Tips of widely open petals discernable at
top of marginal zone; no marginal fasciole ...................   6
5. Marginal fasciole mainly supra-ambital ....  Pericosmus mortenseni
Marginal fasciole ambital throughout ....... P_^  blanquizalensis
6. Mean tubercle diameter <1.3mm at ambitus; 
peripetalous fasciole developed; petals
strongly sunken .............................. Meoma antillarum
Mean tubercle diameter >1.3mm at ambitus; 
no periptalous fasciole; petals flush or
slightly sunken ...................................................  7
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7. Test subconical; margin relatively low
and sharp (ambitus height <10%TH) .......... Antillaster elegans
Test domed; margin thick and broadly
rounded (ambitus height >10%TH) ............  A^ vaughani
8 . Lateroanal fasciole present ......................................  9
Lateroanal fasciole a b s e n t   ................    11
9. Test subglobose; posterior truncation 
planar, subvertical; respiratory pores 
undeveloped or stunted in anterior
poriferous zones of anterior petals   Agassizia clevei
Test wedge-shaped; carinate with posterior
truncation overhanging ........................................... 10
10. [ ... Schizaster ... due to high intrespecific variation species 
is not invariably distinguishable in this orientation]
Apical system subcentral; peripetalous 
fasciole hugging margins of posterior 
petals for up to half their length; test
length normally >35mm .......................  Schizaster munozi
Apical system posterior; peripetalous 
fasciole adjacent to posterior petals 
only at therir tips; test length often
below 35mm ...................................  Schizaster clevei
11. Test wedge-shaped (aboral apex strongly
posterior), maximum height <55%TL ............................... 12
Test elevated (apex indistinct, slightly
anterior); maximum height >55%TL ...........  Meoma clevei
12. Anterior ambulacrum sunken at ambitus ..........................  13
Anterior ambulacrum unsunken at ambitus .... Brissus exiguus
13. Test height >35%TL; test length always
<53mm in abundant known material ...........  Brissopsis antillarum
Test height <35%TL; test large (no
known specimens under 80mm) ................  B^ sp.ja (cf. jimenoi)
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Errata in Appendices J and K
As a result of submission for microfiche production well before final 
reference checking, the dates of a few works are wrongly quoted in 
appendices J and K, or the names of their authors misspelt. These errata 
are listed below.
Pages Erratum Corrected Reading
46 Broeker et al. (1985) Broecker et al. (1985)
64 Frederickson (1980) Frederiksen (1980)
58 Knowlton et al, (1981) Knowlton et al. (1982)
43 Lees & Buller (1972) Lees & Butler (1972)
48 McArthur & Williams (1972) Macarthur & Williams (1967)
3, 4 Pedley & Bennet (1985) Pedley & Bennett (1985)
10 Poddubiuk & Rose (1985) Poddubiuk & Rose (1984)
4, 33 Rad & Wissman (1982) Rad & Wissmann (1982)
41 Ramsay (1974) Ramsay (1973)
68-72 Rosen (1974, 1975) Rosen (1976)
85 Repenning et al. (1978) Repenning et al. (1979)
58 Stoddart (1965) Stoddart (1963)
44 Tchernia (1978) Tchernia (1980)
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Plate 1
Relationship of landscape to geology on Antigua; views from 
Piggots Hill.
Figure 1
Southwestwards down stratigraphie succession.
Foreground: summit of Piggots Hill formed by limestone
of Antigua Formation
Middleground: lowlands of central plain, with occasional 
hilly ridges, underlain by predominantly 
pyroclastic sediments of Central Plain 
Group
Background: southwestern mountainous area composed of
agglomerates and intrusive igneous rocks
Figure 2
Northwestwards along base of Antigua Formation towards sea at 
Weatherills Point. The shape of the limestone hills reflects the 
overall dip of the Antigua Formation, the base of which is 
exposed in a roadcut on Friars Hill (left-hand arrow) and at the 
southern end of the quarry at Cedar Valley (right-hand arrow).
Figure 3
Northeastwards down dip towards Long Island, showing the low 
much-indented northeast coast of Antigua.

Plate 2
Coastal geomorphology of the Antigua Formation.
Cliff form and dissolutional relief on foreshore platform in pure 
hemipelagic carbonates of the Upper Antigua Formation, Bum's 
Point, Antigua. Deep notches in cliff mark positions of rotted 
lithoclastic sand turbidites.
Plate 3
Cassada Garden Gravel.
Clast-supported conglomerate immediately underlying Antigua 
Formation on northern coast of Willoughby Bay. Well-rounded 
moderately sorted pebbles predominantly composed of fine-grained 
igneous rocks and cherts. Scale divisions on measuring stick 
10cm.

Plate 4
Sedimentary Facies ANT[A], topographically upstanding coralgal
reef; large scale settings
Figure 1
Point formed by extensive coralgal buildup in bank-edge setting
Foreground: Proximal bank slope facies of ANT[H3]
forming north-eastern side of Little Cove 
(for detail see Plate 53, Figure 1).
Middleground: Bank-edge reef, subfacies ANT[A2], forming 
upper part of Soldier Point above the 
easily discernable present day slope break.
Background: Distal bank-edge and proximal bank slope
facies of ANT[G] and ANT[H3] forming
Smith Island and the eastern point of
Exchange Bay.
Figure 2
Lagoonal patch reef of ANT[A1] with ramose coral thickets of 
ANT[B3] on its right side, the whole being surrounded by seagrass 
associated sediments of ANT[D] with occasional lags lining 
washouts (see Frost & Weiss, 1979, figure 7 for diagrammatic 
representation). Friars Hill Roadcut.
Conformable contact between Central Plain Group and Antigua 
Formation poorly exposed in roadside ditch immediately behind 
small motor bike. Basal parts of patch reef on either side of 
small tree in middleground more resistant to weathering due to 
patchy silicification.
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Plate 5
Sedimentary Facies ANT[A], coralgal reef, large scale setting
Small deepwater patch reef of ANT[A3] within alternating sequence 
of proximal bank slope subfacies ANT[H1] and ANT[H3], "Little 
Cove Patch Reef" of Frost & Weiss (1979), northwestern end of 
Little Cove, Antigua.

Plate 6
ANT[A], coralgal reef, appearance at outcrop level 
Figure 1
Loose framestone of rounded coral heads within body of ANT[A2]. 
Approximately 50m above shoreline northeast on Lynch Point. 
Measuring stick is Im in length marked at 10cm intervals.
Figure 2
Large head of Montastraea forming coral knob micropatch reefof 
ANT[A1] within lepidocycline floatstone of ANT[D2]. Middle Bay, 
Antigua. Hammer 29cm long.
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Plate 7
Fragile low energy coralgal buildups, field appearance.
Figure 1
Laminar coralgal bindstone of ANT[B2] overlying packstone of 
ANT[D1], viewed in plane of bedding. Halcyon Cove at northern end 
of Dickinson Bay, Antigua. Diameter of lens cap 53mm.
Note the specimen of Fungophyllia to the left of the lens cap and 
the knobbly coralline algal encrustation immediately above it.
Figure 2
Laminar coral floatstone of ANT[B1] overlying ANT[D2] in Long 
Lane Quarry, viewed perpendicular to bedding. Diameter of lens 
cap 60mm.
Figure 3
Ramose coral bafflestone of ANT[B3]. North coast of Willoughby 
Bay, approximately 500m west of Hudson Point.
Identification enhanced by weathering back of matrix. Length of 
hammer 29cm, shaft marked with 10cm scale.
»
Plate 8
Subfacies ANT[B3], mechanically immature ramose coral 
bafflestone, floatstone and rudstone, field appearance.
Figure 1
Units just above base of Piggotts Quarry with bedding picked out 
by changes of branch size and texture. Length of hammer shaft 33 
cm
Figure 2
Polished hand specimen of horizon at top of hammer shaft in 
figure 1.
Note the monospecific coral assemblage and the presence of 
occasional disorientated lepidocyclines. Also the occurrence of 
calcite veins.
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Plate 9
Sedimentary Facies ANT[C], mechanically sorted coral rudstones, 
field appearance.
Figure 1
Accumulation in the uppermost part of Piggotts Quarry, viewed 
perpendicular to bedding.
Note that poritid clasts are small, size sorted and orientated 
parallel to plane of bedding. Compare to ANT[B2] shown in plate
8. Length of hammer shaft 33 cm.
Figure 2
Complete specimen of Antillaster vaughani preserved on upper 
surface of bed of ANT[C]. Landslipped mass on north coast of 
Willoughby Bay, approximately 700m west of Hudson Point. Scale on 
hammer shaft 10cm,
u m m
Plate 10
Sedimentary Facies ANT[D1], mechanically immature shallow water 
bioclastic floatstone, field appearance.
Figure 1
Unit viewed perpendicular to bedding in Halcyon Cove at northern 
end of Dickinson Bay. Diameter of lens cap 53mm.
Note numerous toppled autochthonous Caulastrea at this washout 
horizon rich in rudaceous debris. For general field appearance of 
the macrosopically featureless pure packstone/wackestone variant 
see Plate 4, figure 2.
Figure 2
Complete but heavily Entobia-bored oyster, obtained from lateral 
equivalent of washout bed shown in figure 1. RHP 28, field of 
view approximately 25cm.
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Plate 11
Sedimentary Facies ANT[D1], sediment texture 
Figure 1
Bioclastic/pelletal packstone.
Friars Hill Roadcut, RHP 74, unstained, PPL, field of view 13mm.
Skeletal material dominated by molluscan, particularly gastropod, 
debris. Note peneroplid test near centre of field, but also 
echinoderm debris and planktic foraminiferal tests near 
bottom-right. The original pelletai texture of muddy material 
within the sediment is particularly clear where this was 
sheltered from compaction effects within the gastropod shell seen 
at the top-right. It is also discernable in the general matrix at 
the top left of the frame.
Figure 2
Coralline algal floatstone with pelletai packstone matrix.
Middle Bay, RHP 50, stained, PPL, field of view 13mm
Note extensive compaction damage to loose encrusting coralline 
algae and numerous shelter structures.
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Plate 12
Sedimentary Facies ANT[D2], lepidocycline floatstones/rudstones
with peletal grainstone/packstone matrix, field appearance.
Figure 1
Whole lepidocycline floatstone with packstone matrix. Western end 
of Langford Bay. Length of hammer 29cm.
Note parts of poorly preserved Y-branching horizontal burrow 
network above and to right of hammer head.
Figure 2
Same lithology as that shown in figure 1 in polished hand 
specimen RHP 235 from northern end of Langford Bay. Field of view 
15cm.
Note completeness of lepidocyclines, which are orientated 
sub-horizontally in the bedding within the bulk of the sediment, 
but imbricated in burrow infills.
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Plate 13
Sedimentary Facies ANT[D], subfacies ANT[D2], lepidocycline 
floatstone in pelletal/bioclastic grainstone/packstone matrix, 
sediment texture. Photomicrographs of sample RHP 235, collected 
at the northern end of Langford Bay, both stained and in PPL.
Figure 1
Original winnowed grainstone texture preserved in occasional 
shelters, frequently degenerating to pseudo-packstone elsewhere. 
Large foraminiferal fragments dominated by Lepidocycline with 
subsidiary Heterostegina
Figure 2
Close-up of lepidocycline showing extensive surficial 
microboring, thin coralline algal encrustations on both sides of 
test and geopetal infill of calcisilt internal sediment within 
proloculus.
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Plate 14
Sedimentary Facies ANT[E], well-sorted shallow marine
grainstones.
Figure 1
Field appearance of well-laminated bed rich in non-carbonate 
material. Halcyon Cove at northern end of Dickinson Bay. Diameter 
of lens cap 53mm.
Figure 2
Texture of pure carbonate variant seen infilling boring in coral. 
Within Friars Hill Patch Reef. Stained, XPL, field of view 18mm.
Note the pelletai texture of the material filling the interseptal 
spaces. The texture is almost identical to that of washout 
horizons within ANT[D1], though typically better sorted with more 
fragmentary bioclasts and no direct evidence of seagrass 
associations. In the field it is distinguished from washouts in 
ANT[D1] on the basis of tabular bedding (sometimes with low-angle 
cross-lamination) or, as in this case by their occurrence within 
loose coral reef framestones.
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Plate 15
Sedimentary Facies ANT[F], field appearance of subfacies ANT[F1], 
large lepidocycline rudstones with coarse grainstone matrix.
Figure 1
Foreshore exposure at Beggars Point of stable lepidocyline "reef" 
colonized in places by encrusting fauna. Length of hammer 33 cm
Figure 2
Top of bed showing several tumbled Clypeaster batheri and 
occasional complete pectinids. Hammer 29cm in length, bearing 
10cm scale
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Plate 16
Sedimentary facies ANT[F], subfacies ANT[F1], texture and 
echinoid palaeontology. In all frames, length of hammer 29cm, 
with shaft bearing 10cm scale.
Figure 1
Exposure of bedding plane in Pasture Bay, Long Island.
Figure 2
Exposure perpendicular to bedding of bed shown in figure 1. Note 
inclusion of large epifaunal spatangoid Antillaster vaughani 
crushed but apparently complete and in life orientation.
Figure 3
Exposure showing complete Clypeaster oxybaphon in life 
orientation. Loose block on north coast of Willoughby Bay.

Plate 17
Sedimentary Facies ANT[F], subfacies ANT[F1], sediment texture. 
Figure 1
Photomicrograph showing thin section of specimen RHP 1379, a 
sample of the lepidocycline rudstone bed at Beggars Point that is 
shown in Plate 15 figure 1. Stained, PPL, field of view 31mm.
Note many fragmentary lepidocycline tests, minor Operculinoides 
and Heterostegina debris and occasional lithoclasts in a 
grumuleuse wackestone matrix originally deposited as a 
pelletal/bioclastic grainstone.
Figure 2
Detail of central part of figure 1 through crossed polars. Note 
the absence of coralline algal coatings on lepidocycline tests 
and of calcisilt internal sediment. Original pellet outlines most 
obvious immediately to left of large central lepidocycline 
fragment.

Plate 18
Sedimentary Facies ANT[F], subfacies ANT[F2], coralline 
algal/rotalid floatstones, sediment textures.
Figure 1
Photomicrograph of lepidocycline floatstone variant with 
subsidiary laminar coralline algae and small amphisteginids in a 
grumuleuse wackestone matrix, originally a pelletai grainstone or 
packstone.
Figure 2
Polished hand specimen of algal bleb variant from recently 
excavated area at base of Algal Quarry Site. RHP 1326, 84% life 
size, field of view 126mm.
Note bluish colour due to low level of oxidation, rusty 
weathering of subrounded volcanic lithoclast and extensive 
microstylolitization
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Plate 19
Sedimentary Facies ANT[F], subfacies ANT[F2], field appearance of 
low energy algal branch/lepidocycline fragment variety. Bedding 
plane just above sea level on west side of Great Bird Island. 
Diameter of lens cap 53mm.
Note close lithological similarity to finer variants of ANT[G], 
for example that shown in Plate 23 figure 1.
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Plate 20
Wavey stylolytic bedding in weathered quarry face cutting through 
ANT[F] at southern end of Algal Quarries site. Hammer just above 
level of bushes near centre of face 33 cm in length.

Plate 21
Sedimentary Facies ANT[G], large scale field appearance showing 
asymtotic cross-bedding.
Figure 1
Best exposed example in Parham Quarry. Head of hammer in plane of 
bedding, length of hammer 29cm.
Figure 2
Probable inaccessible example on western side of Grassfield Cove, 
Mill Reef.
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Plate 22
Sedimentary Facies ANT[G], detailed field appearance 
Figure 1
High energy rhodolitic rudstone example in plane of bedding. 
Eastern side of Grassfield Cove, Mill Reef. Length of hammer 
29cm, with 10cm scale marked on shaft.
Figure 2
Low energy marly example given a pseudonodular appearance by 
extensive postdepositional burrowing. Parham Quarry. Diameter of 
lens cap 53mm.
Burrowing has destroyed all primary sedimentary structures. Note 
Kuphus tube in life position to right of lens cap.
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Plate 23
Sedimentary Facies ANT[G], characteristic echinoid fossils in 
their normal preservation mode. Outcrop at northeastern end of 
Exchange Bay.
Figure 1
Worn narrow-tested Clypeaster oxybaphon, overturned in plane of 
cross-bedding.
Figure 2
Isolated, but essentially complete, Frionocidaris spinidentatus 
spine in coarse rhodolitic lag at top of bed.
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Plate 24
Sedimentary Facies ANT[G], cross-bedded coralline algal/larger 
rotalid floatstones, photomicrographs of sediment texture in 
unstained slide of RHP 200 from Parham Quarry.
Figure 1
Algal rich area, XPL, field of view 11mm.
Note the boring and extensive fracturing of the coralline algal 
microrhodoliths, the example in the top centre showing the large 
reniform multipored conceptacle of Mesophyllum. Also the large 
encrusting rotalid (Carpentaria) in the bottom centre of the 
frame and the hi- or triserial textularid in its top left. 
Although the texture of the matrix is grumuleuse clear pellet 
outlines are only poorly discernable, even at the centre of the 
frame.
Figure 2
Coralline algal and rotalid encrusted, heavily bored 
lepidocycline in grumuleuse wackestone matrix. XPL, field of view 
17mm.
Note the significant presence of miliolids, well-seen along the 
left-hand and bottom margins of the frame

Plate 25
Sedimentary Facies ANT[G], cross-bedded coralline algal/larger 
rotalid floatstones, photomicrographs of sediment texture.
Figure 1
Characteristic assemblage of bioclasts including very 
thick-walled encrusting foraminifera (top left), 
Archaeolithothamniun with its sporangial sori (centre and left 
centre), fragmentary Lepidocyclina (centre and right margin), 
with occasional Heterostegina (centre-right near bottom margin) 
and planktics (centre-right). RHP 205, Parham Quarry, stained, 
PPL, field of view 30mm.
Figure 2
Variant rich in shallow water allochems. RHP 143, Parham Quarry, 
unstained, PPL, field of view, 10.5 mm.
Note peneroplid (just left of centre), algal encrusted basal 
section of Carpentaria (immediately right of centre), surface 
microboring of mollusc fragment (mid-right), small miliolids and 
poritid coral fragments (bottom-right). Note also the clear 
syntaxial overgrowth on rounded echinoderm clast towards the 
bottom-right and the grumuleuse texture of the matrix.
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Plate 26
Interbedding of sedimentary facies ANT[H1] and ANT[H3] on the 
southwestern side of Little Cove.
Figure 1
General setting showing lateral extent of beds. Compare to coral 
poor sequence dominated by ANT[H3] only a few hundred metres away 
on the other side of Little Cove (see Plate 4, figure 1).
Figure 2
Detail showing some beds of ANT[H1] lensing out laterally.

Plate 27
Sedimentary facies ANT[H], subfacies ANT[H1], detailed field 
appearance of coarse head coral rich representatives.
Figure 1
Units interbedded with ANT[H3], viewed perpendicular to their 
bedding. Little Deep Bay, Measuring stick is Im in length, marked 
at 10cm intervals.
Figure 2
Thick unit of ANT[H1] seen in figure 1, here viewed in plane of 
bedding on Neck of Land. Length of hammer lying in plane of 
bedding is 29cm, shaft marked with 10cm scale.
Note that the coral material making up the bed is rotated, worn 
and clearly allochtonous.
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Plate 28
Sedimentary facies ANT[H], subfacies ANT[H1], detailed field 
appearance of fine ramose coral variants.
Figure 1
Repeated alternations of fine ANT[H1] variants with ANT[H3], 
viewd perpendicular to bedding in cliff at back of Little Cove, 
immediately above Little Cove patch reef of Frost & Weiss (1979). 
Measuring stick seen on left side of cliff is Im in length.
Figure 2
Detail of bedding surface in fine, ramose coral/lepidocycline 
variant of ANT[H1] at back of Little Cove. Length of hammer 29cm, 
with shaft bearing 10cm scale.
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Plate 29
Details of echinoid clast preservation in ANT[H1].
Figure 1
Spines of Phyllacanthus peloria concentrated in the upper part of 
a fine coralgal debris variant of ANT[H1], Photograph in plane of 
bedding. Fallen block at back of Little Cove. Scale on hammer 
shaft 10cm.
Figure 2
Large Clypeaster batheri test collected from bed of ANT[H1] in 
cliff at rear of Little Cove. 91% life size.
The well preserved geopetal infill indicated an original 
sedimentary dip of c_j_ 30 .
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Plate 30
Sedimentary facies ANT[H], subfacies ANT[H2], coarse open marine 
bioclastic grainstones, field appearance showing large scale 
sedimentary structures reminiscent of ANT[G].
Figure 1
Low-angle asymtotic cross-bedding in exposure at back of North 
Bay, just below level of Boon Point sequence. Length of hammer 
29cm.
Figure 2
Rhodolite-lined channel in ANT[H2] on the west side of Boon 
Point. Length of hammer 29cm.

Plate 31
Sedimentary Facies ANT[H], subfacies ANT[H2], coarse open marine 
bioclastic grainstones, detailed field appearance.
Figure 1
Antillaster elegans within lithoclast/rhodolith floatstone 
variant of ANT[H1]. West side of Boon Point. Diameter of lens cap 
53mm.
Note extensive coralline algal encrustation of some volcanic 
epilithoclasts (several examples immediately to left of 
echinoid).
Figure 2
Subpolygonal synsedimentary fracture pattern due to distortion 
after early cementation in a thin grainstone bed. West side of 
Boon Point, diameter of lens cap 53mm.
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Plate 32
Sedimentary facies ANT[H], subfacies ANT[H2], sediment texture 
Figure 1
Hand specimen of floatstone illustrated in Plate 31, figure 1, 
showing poorly rounded and sorted, sometimes coralline algal 
encrusted epilithoclasts. Knobbly rhodolite form indicative of 
moderate water energy. RHP 1031, west side of Boon Point, 90% 
life size
Figure 2
Photomicrograph of thin section prepared from sample in figure 1 
Stained, viewed through crossed polars, field of view 14.5mm. 
Note rounded fine-grained igneous epilithoclast to right of 
section with mud-free bioclastic grainstone composed of diverse 
very fragmentary allochems filling rest of frame (see Plate 33 
for detailed discussion of texture).
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Plate 33
Detailed texture of sedimentary subfacies ANT[H2]. 
Photomicrographs of stained thin section prepared from RHP 1032, 
each showing the same subject with a field of view of 7mm, figure 
1 in PPL, figure 2 in XPL.
Note the biological diversity of the clasts (which include in 
similar proportions coralline algae, rotalid foraminifera and 
echinoderm ossicles), their fragmentary character, good sorting 
and rounding. Note also the early, pinkish coloured nonferroan 
syntaxial overgrowths on echinoderm bioclasts (clearly 
discernable by comparing figures 1 and 2), but the bluish ferroan 
microspar infilling the rest of the rock's original porosity.
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Plate 34
Detailed texture of sedimentary subfacies ANT[H2], coarse 
rotalid/algal/echinoderm grainstone.
Photomicrographs in PPL of a stained thin section prepared from 
RHP 1037A, a sample collected from the bed shown in Plate 31, 
figure 2. General features much as those of previous plate but 
sorting, rounding and sphericity poorer, while the foraminiferal 
component is more diverse and dominated by fragments of 
Lepidocyclina rather than Operculinoides or Amphistegina. 
Examples of Miogypsinoides cf. complanatus arrowed.
Figure 1
Field of view 11mm.
Note the occurrence of minor bryozoan material, notably at the 
centre of the frame.
Figure 2
Field of view 8.9mm
Note thin-walled encrusting rotalid at bottom-right of frame.

Plate 35
Sedimentary Facies ANT[H], subfacies ANT[H3], coarser
cross-stratified variant, field appearance and sediment texture.
Figure 1
Small-scale scouring and cross-bedding in thick unit of beige 
ANT[H3] interbedded with white ANT[I2] at eastern end of Long 
Bay. Length of hammer 33 cm.
Figure 2
Photomicrograph of stained thin section prepared from sample RHP 
1457, collected at the level marked by the top of the hammer 
shaft in figure 1. PPL, field of view 8.5mm.
Note the abundance of planktic foraminiferal tests, together with 
some detached spines, and of volcanogenic feldspar in the 
grumuleuse pseudowackestone matrix, originally a pelletai 
grainstone.
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Plate 36
Detailed characters of the coarse variant of ANT[H3] shown in 
Plate 35. Photomicrographs of stained slide prepared from sample 
RHP 1457 collected at the eastern end of Long Bay.
Figure 1
Grumuleuse feldspar crystal/planktic foraminineral wackestone. 
Matrix originally a well-sorted pelletai grainstone, degeneratin; 
postdepositionally to a packstone and finally to a grumuleuse 
mudstone. PPL, field of view 7.5mm.
Note undeveloped rotalid proloculus in centre-left and partially 
developed example in bottom-right. Most of the feldspar grains 
are chemically fresh, unrounded, subhedral and vesiculate, 
indicating local pyroclastic fallout as their source
Figure 2
Detail of bottom-right corner of figure 1, showing euhedral 
vesiculate feldspar crystal and partially developed rotalid 
proloculus containing a small amount of fine calcisilt internal 
sediment, but mainly filled by a single generation of nonferroan 
sparry cement. Field of view 3mm.

Plate 37
Sedimentary Facies ANT[H], subfacies ANT[H3], finer, tabular 
bedded variant, field appearance.
Figure 1
Planar alternation of hard and soft horizons reflecting 
interbedding of coarser and finer tabular beds little disturbed 
by burrowing. Rear of Exchange Bay. Shaft length of hammer just 
above the bushes in the middle of the frame 33 cm.
Figure 2
Heavily burrowed example on Green Island. Length of hammer 29cm 
with shaft bearing 10cm scale.
Note two complete Schizaster in life orientation (arrowed) and 
isolated pectinid valve below hammer head.
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Plate 38
Burrowing in ANT[H3] mixing coarse and fine variants. Material 
from basal part of Guard Point succession.
Figure 1
Polished section in hand specimen RHP 1420 showing downburrowing 
of pyroclastic-rich horizon of into purer pelletai carbonate 
variant.
Figure 2
Photomicrograph of stained slide prepared from above sample 
showing pelletai matrix to left and burrow infill rich in 
noncarbonate material to right. PPL, field of view 15mm.
Original pellet outlines discernable in grumuleuse foraminiferal 
wackestone of the burrowed sediment. Good pellet sorting confirms 
that sediment was originally deposited as a grainstone, but the 
absence of sparry cement, despite little pellet distortion, 
suggests it was subsequently converted to a packstone by mud 
infiltration. Note the occurrence of several undeveloped large 
rotalid proloculi (particularly near the left margin of the 
frame), of a bored and partially silicified amphisteginid (top 
left) but a well-preserved Nodosaria (upper centre), and of 
numerous planktic globigerines, both as tests and spines. 
Bioclastic and pyroclastic material much more important in burrow 
infills. Greater rounding of the feldspar grains than in the 
example shown in Plate 37, and the inclusion of occasional 
miliolids (top-right) suggests derivation of this material from 
shallower water via a mass flow mechanism.
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Plate 39
Preservation of Schizaster in ANT[H3],
Figure 1
Complete but crushed specimen in life orientation. Length of 
scale marked on hammer shaft 10cm.
Figure 2
Crushed but complete specimen specimen originally preserved in 
life position. Note occasional preservation of spine bases even 
on the flat basal part of the test, though most have been removed 
by Recent weathering prior to collection. POD 771, Green Island.
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Plate 40
Silicification in sedimentary facies ANT[H],
Figure 1
Irregular chert nodules, possibly related to original burrow 
forms, and chert replacement of isolated allochthonous coral head 
in ANT[H3] on the northeast side of Little Cove. Diameter of lens 
cap 53mm.
Figure 2
Concentric "beakite" partial silicification of pectinid valve in 
ANT[H2], Boon Point. 130% life size.
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Plate 41
Sedimentary facies ANT[I], large scale field appearance and 
evidence of slumping.
Figure 1
Slump folding, with minor faulting well-seen at base of cliff 
immediately above brown mass flow deposit of ANT[J1] rich in 
shallow water and terrigenous debris. Upper part of cliff 
undeformed. James Point. Shaft length of hammer leaning against 
slumped strata 33 cm.
Figure 2
Interformational truncation structure on south side of Verstynen 
Cove, distinguished by low angle truncation towards right of unit 
forming middle of cliff.
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Plate 42
Sedimentary facies ANT[I], subfacies ANT[I1], very fine 
pelletal/bioclastic calcarenites, sediment texture.
Figure 1
Hand specimen showing burrow infilled by fine rudaceous debris 
including delicate Lepidocyclina tests, an isolated plate of 
Prionocidaris spinidentatus, spatangoid and ramose bryozoan 
fragments. RHP 1365, base of James Point succession, 147% life 
size.
Figure 2
Photomicrograph of very fine grainstone rich in microbioclastic 
rotalid foraminiferal debris with many undeveloped proloculi and 
a number of small biserial bolivinitids. Stained slide prepared 
from sample POD 813 collected on Exchange Point. PPL, field of 
view 8.5mm.

Plate 43
Sedimentary facies ANT[I], subfacies ANT[I2], detailed field 
appearance. North side of Bums Point.
Figure 1
Cliff composed of tabular-bedded ANT[I2] with occasional 
interbeds rich in noncarbonate volcanogenic sand weathering back 
as deep notches, notably at the top of the foreshore platform and 
some 2m higher. Measuring stick Im in length visible at the base 
of the cliff on the right of the frame. For further detail see 
Plate 2, figure 1,
Figure 2
Branching horizontal burrows in ANT[I2] revealed by infills of 
rusty weathering volcanogenic sand derived from overlying bed of 
ANT[J4]. Immediately below lowest cliff notch visible in figure 
1. Scale divisions on measuring stick 10cm.
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Plate 44
Sedimentary facies ANT[I], subfacies ANT[I2], detailed field 
appearance. Tonnies Cove.
Figure 1
Oblate silificified limestone nodules. Length of hammer shaft 33 
cm.
Note that although the nodules are clearly more resistant to 
weathering than the surrounding sediment, their appearance is 
essentially indistinguishable to the naked eye in section.
Figure 2
Schizaster in life orientation and burrow-controlled limestone 
silicification.
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Plate 45
Sedimentary facies ANT[I], subfacies ANT[I2], coarse 
pelletal/microbioclastic calcisilt to very fine calcarenite, 
photomicrographs of sediment texture in PPL.
Figure 1
Grumuleuse microbioclastic wackestone in which original 
well-sorted pelletai texture is only indistinctly visible.
RHP 1471 collected at eastern end of Long Bay, field of view 4mm.
Figure 2
General description as figure 1. RHP 1404, Tonnies Cove, Section 
incoporating diffuse margin of oblate silified nodule. Field of 
view 8mm.
Note relict pelletai texture fairly distinct at centre of frame, 
textularids on its right-hand side and the wispy margin of 
browner partially silicified material forming its bottom.
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Plate 46
Sedimentary facies ANT[J], field appearance.
Figure 1
Debris flow of ANT[J1] sandwiched between ANT[I1] below and 
ANT[I2] above. Base of cliff at James Point. Shaft length of 
hammer 33 cm.
Note infill of open burrow systems in underlying ANT[I1] by 
terrigenous sandy material from the flow. Also the small scale 
synsedimentary faulting at the top of the flow.
Figure 2
Graded cross-stratified pebbly sandstone of subfacies ANT[J2] 
sandwiched between units of ANT[I2] and passing away laterally 
into ANT[J3], Laurys Point.
The sloping surface visible to the left of the frame is the 
surface of the cross-bedding in ANT[J2]; concentration of pebbles 
at the base of the cross-beds is well displayed.
. . A  
1 .
L-Aéù» * ^
Plate 47
Sedimentary faciès ANT[J], subfacies ANT[J4], appearance in hand 
specimen.
Polished section showing purple bed of ANT[J4] overlying coarse 
variant of ANT[H3] itself rich in locally reworked volcanoclastic 
sediment. Note the large lithoclasts within the body and upper 
parts of the bed. RHP 1447, collected at eastern end of Long Bay. 
89% life size.
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Plate 48
Detailed sediment texture at the base of the well preserved 
purple bed of ANT[J4] illustrated in Plate 46. Photomicrographs 
of slides prepared from sample RHP 1447, both with a field of 
view of 25mm, figure 1 viewed in plane polarized light, figure 2 
between crossed polars.
Note the sharp but slightly undulose junction with the more 
carbonate-rich predominantly pelletai underlying sediments.
Within ANT[J4] itself note the predominance of only slightly 
rounded feldspar crystals with subsidiary and typically larger 
well-rounded lithoclasts (clearest examples in centre and left of 
frame) all in a non-pelleted micritic matrix. Also possible 
traces of inverse grading at the very base of the bed.
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Plate 49
Large scale geomorphology of Anguilla, aerial views.
Figure 1
View eastwards from Anguillita. Photograph: Catherine Strauss,
Figure 2
View westwards from directly above Scrub Island. The troubled 
water marking the line of Seal Island Reef is visible to the 
right of the island. Photograph: Catherine Strauss.
Figure 3
Gently sloping cliffless south coast of Anguilla eastwards from 
Little Harbour. The opencast workings of the Corrito Tip Quarry 
are arrowed, providing one of the few exposures in the Anguilla 
Formation in this part of the island.

Plate 50
Coastal geomorphology of northern Anguilla and type section of 
the Pelican Point Formation, aerial views.
Figure 1
Pelican Point and Pelican Bay.
Cyclic tabular bedding in the Pelican Point Formation discernable 
in underwater ridges around Pelican Point at the right of the 
frame. The geological setting of the unit in this section is 
obscured by rotationally landslipped masses of Anguilla 
Formation. The solid termination appears to be a fault just off 
the line of the hill crest beyond the point, and subparallel to 
the better exposed example forming the west side of Flat Cap 
Point.
Figure 2
Degenerate cliffs composed of landslipped Anguilla Formation 
whose bedding is rotated to high but irregular dips (particularly 
clearly in Little Bay at the right of the frame), overlain by 
apron of beachrock. Light-coloured sandy sea bottom inshore 
becoming patchily covered by dark-coloured seagrass banks 
offshore.
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Plate 51
Coastal geomorpology on the north coast of Anguilla 
Figure 1
Cross-sectional view from Little Bay of the beachrock apron seen 
from offshore in Plate 49, figure 2.
Figure 2
Large caverns in cliff to the east of Little Bay.
Figure 3
Road Bay Salt Pond, viewed from South Hill towards Sandy Ground 
Village on the sand spit in the near distance. Sandy Island reef 
cay is discernable offshore in the middle distance and Dog Island 
on the horizon. Note the beachrock apron at Road Point.

Plate 52
Duricrust development and terrestrial geomorphology of the 
Anguilla Formation.
Figure 1
Hard superficial cap with weathered karstic surface and little 
soil developed over soft poorly cemented Anguilla Formation. 
Island Auto Parts Quarry, Anguilla. Measuring stick leaning 
against quarry face is Im in length.
Figure 2
Mouth of bell cave formed beneath superficial duricrust. Fountain 
Cavern above Shoal Bay, Anguilla.
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Plate 53
Microtopography of coastal platforms on Anguilla 
Figure 1
Tavertine filled fissure in smooth marine karst foreshore on east 
side of Flat Cap. Length of hammer 29cm.
Figure 2
High relief first order spitzkarren in beachrock platform, 
covered by second order rillenkarren and third order cockling. 
Salt pool (kamenitza) in foreground. Eastern side of Blackgarden 
Bay, Anguilla. Length of hammer 29cm.
Figure 3
Low relief spitzkarren in coastal platform. Form of weathering 
partially controlled by original cross-bedding of beachrock, 
which is seen to curve gently around the point to the right. East 
side,of Captains Bay, Anguilla.
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Plate 54
Lithology of Plio-Pleistocene superficial deposits on Anguilla. 
Figure 1
Low angle cross-stratified beachrock in apron-like coastal 
platform, Road Point, Anguilla. Length of hammer 29cm.
See Plate 50, figure 3 for general setting. West cliff visible in 
background.
Figure 2
Fluviodeltaic accumulation of Anguilla Formation rubble at 
northeastern end of Crocus Bay. Measuring stick is Im in length 
with scale divisions of 10cm.
Note the coarse lensoidal infill of a small channel. See Plate 
55, figure 1 for large-scale setting.
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Plate 55
Lithology of Plio-Pleistocene superficial deposits 
Figure 1
Blocks composed of sedimentary facies ANG[B] and ANG[C] entrained 
within Crocus Bay Landslip and forming the basis of Vaughan's 
(1926) "Bed 4". The wedge of Plio-Pleistocene fluviodeltaic 
material at the northeastern end of Crocus Bay, which was 
interpreted by previous authors as in situ Anguilla Formation is 
seen in the background on the right-hand side of the frame, where 
it is distinguished even at this distance from true Anguilla 
Formation by a distinct break in slope.
Figure 2
Caliche glaebules within thin terra rosa soil atop right-hand 
block shown in figure 1.

Plate 56
Lithology of Recent beachrocks and comparison of volcanic and 
limestone topographies on the Anguilla Bank.
Figure 1
Foreground showing slabs of Recent beachrock exposed along shore 
of Savanah Bay, Anguilla, while the background shows the 
topographic difference between the igneous intrusive/pyroclastic 
hills of St Martin, seen on the horizon at the right of the 
frame, and the low Miocene limestone cliffs of Tintamarre seen on 
the horizon to its left. The great width and low slope-angle of 
some Plio-Pleistocene beackrock platforms on the south coast of 
Anguilla are also illustrated in the middle distance.
Figure 2
Detail of beackrock slab shown in figure 1, showing very 
well-rounded rudaceous clasts in sandy matrix. Clasts dominated 
by pebbles of older pure sand beachrock but also containing coral 
fragments still preserved as aragonite and with some mollusc and 
crustacean debris even retaining its original colouring. Diameter 
of lens cap 53mm.
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Plate 57
Pelican Point Formation, field appearance. See Appendix F for 
detailed sedimentological description of unit
Figure 1
Nodular calcification in mudstones of sedimentary facies PPF[B] 
near base of type section at Pelican Point, Anguilla. Measuring 
stick is Im in length, hammer 29cm.
Figure 2
Locally overhanging pebble-lined scours at base of gritty bed of 
PPF[A], Pelican Point, Anguilla. Diameter of lens cap 53mm.

Plate 58
Pelican Point Formation, field appearance.
Scouring and asymtotic cross-bedding in sedimentary facies 
PPF[A]. Northeastern end of Crocus Bay. Length of hammer 29cm.
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Plate 59
Pelican Point Formation, field appearance.
Figure 1
Highest units of Pelican Point presently exposed on Anguilla, 
immediately above beach at back of Crocus Bay. Lignitic bed 
exposed in foreshore beneath hammer, overlain by olive sand with 
muddy laminae and pebbly stringers visible near base of measuring 
stick. Measuring stick Im in length, hammer 29cm.
Figure 2
Brownish terrigenous sands, probably of Pelican Point Formation, 
overlain by fine calcarenites of Anguilla Formation slope facies, 
which are clearly burrowed down into them.
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Plate 60
Sedimentary facies ANG [A], coralgal reef, field appearance. 
Figure 1
Laminar coralgal boundstone of subfacies ANG[A2] passing up into 
loosely packed small head coral reef of subfacies ANT[A1]. West 
End Point, Anguilla. Length of hammer 29cm, shaft bearing 10cm 
scale.
Figure 2
Eastern part of Katouche Cliff on Anguilla showing, at its base, 
a cross-stratified channel infill within subfacies ANT[A3], the 
sediments of an interreef passage. This subfacies is here seen to 
pass upwards into the fine coral free calcarenites of ANT[D].
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Plate 61
Sedimentary facies ANG [A], detailed field appearance.
Figure 1
Loosely packed head-coral reef belonging to subfacies ANT[A1] 
immediately above sea level at eastern end of Katouche Cliff. 
Hammer is 29cm in length.
Figure 2
Broken up laminar coral rudstone within ANT[A3]. Corrito Tip 
Quarry, Anguilla. Length of hammer 29cm, with shaft bearing 10cm 
scale.
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Plate 62
Sedimentary facies ANG[B], subfacies ANG [Bl], field appearance.
Figure 1
Unit containing occasional distorted Kuphus tubes. Leftmost of 
slipped masses of limestone behind Crocus Bay illustrated in 
Plate 55, figure 1. Diameter of lens cap 53mm.
Figure 2
Whole Echinolampas semiorbis at slight angle to bedding in muddy 
packstone immediately above clay rich band. Slipped mass of 
Anguilla Formation entrained in Crocus Bay landslip.
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Plate 63
Sedimentary facies ANG[B], subfacies ANG [B2], field appearance.
Figure 1
Abundant Kuphus in life position within bed overlying a swamped 
ramose coral bafflestone. Nudists Bay, Anguilla. Length of hammer 
29cm, shaft bearing a 10cm scale.
Figure 2
Bedding surface of unit containing in situ Kuphus (examples 
visible in bottom-centr)e. Loose block at back of Crocus Bay. 
Diameter of lens cap 53mm.
Note the coarseness and good sorting of the matrix. Uneven 
weathering reflecting very heavy bioturbation and the presence of 
many gastropod internal moulds.
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Plate 64
Sedimentary facies ANG[B], subfacies ANG [B2], sediment texture.
Figure 1
Detail of sediment texture showing coarseness of groundmass rich 
in globular foraminifera and large fragments of Meoma antillarum, 
Little Bay, Anguilla. Diameter of lens cap 53mm.
Figure 2
Sponge encrustation around upper part of an in situ Kuphus tube 
collected from bedding plane shown in Plate 62, figure 2 in a 
loose block at the back of Crocus Bay. 85% life size.
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Plate 65
Reworked macrofossil material in sedimentary subfacies ANG[B2], 
Figure 1
Clypeaster concavus tests as sedimentary clasts in ANG[B2], East 
side of Nudists Bay, Anguilla. Hammer length 29cm, shaft in plane 
of bedding and bearing 10cm scale.
Some of most obvious tests arrowed; several at a slight angle to 
the bedding, invariably dipping towards the north (left of 
frame). Similar accumulations of Clypeaster concavus tests also 
occur within within the coraliferous subfacies ANG[A3].
Figure 2
Exhumed Kuphus tubes crushed and flat in bedding. Loose block at 
back of Crocus Bay, Anguilla. Diameter of lens cap 53mm.
Note extensive Entobia-boring of example immediately to the right 
of the lens cap.

Plate 66
Sedimentary facies ANC [C], field appearance.
Figure 1
Thalassinoides as a sole structure in bed of ANG[C] immediately 
to the east of Mead Point, Anguilla. Lateral field of view 
approximately 2m.
Figure 2
A few well-preserved loose examples of Echinolampas lycopersicus 
washed out of loose boulders of ANG[C] at back of Crocus Bay. 
approximately 50% life size.
Note the range of petal form.
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Plate 67
Sedimentary facies ANC [D] and ANC [E], large scale field 
appearance
Figure 1
Planar beds of ANG[D] exposed in west face of Airport Quarry, 
Anguilla. Measuring stick Im in length visible leaning against 
base of outcrop to right of centre.
Figure 2
Alternation of ANG[D] and ANG[E] in Katouche Cliff below North 
Hill, Anguilla.
mÊmm
Plate 68
Sedimentary facies ANC [D], detailed appearance.
Figure 1
Extensive horizontal and oblique burrowing in ANG[D]. Hammer 
length 29cm, shaft in line of bedding and bearing 10cm scale. 
Airport Quarry, Anguilla.
Figure 2
Pectinid-rich horizon on sole of a bed of ANG[D]; most valves 
isolated and orientated concave up in situ. Loose block beneath 
Katouche Cliff, Anguilla. Length of hammer 29cm.
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Plate 69
Sedimentary facies ANC [E] and ANC [F], detailed field
appearance.
Figure 1
ANG[F] showing included layers of terrigenous mud. Betty Hill 
Quarry, Anguilla. Length of hammer 29cm, shaft perpendicular to 
bedding.
Figure 2
Ramose coral colony still in life orientation at base of 
monospecific ramose coral rudstone assigned to facies ANG[E] on 
east side of Katouche Valley. Length of hammer 29cm, shaft in 
line of bedding and bearing 10cm scale.

Plate 70
Sedimentary facies ANC [G], large scale field appearance 
Intraformational truncation surface at southeastern end of Mullet 
Pond Bay, St Martin.
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Plate 71
Sedimentary facies ANC [G], ANG [H] and ANG [I], field 
appearance.
Figure 1
Thin tabular layers of ANG[I] alternating with ANG[G], passing up 
into pure ANG[I] towards top of cliff. Western end of Mullet Pond 
Bay, St Martin. Length of hammer at bottom-right of frame is 
29cm.
Figure 2
Fine coralgal rudstones of ANT[H] infilling channels within 
ANG[G] at eastern end of Mullet Pond Bay, St Martin. Length of 
hammer at centre of frame is 29cm.
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Plate 72
Sedimentary facies ANG [J], field appearance.
Figure 1
Chione colonizing thin bed of ANG[J2] within ANG[B2], viewed 
obliquely from below. Landslipped mass of Anguilla Formation 
behind Crocus Bay, Anguilla. Diameter of lens cap 53mm.
Figure 2
Packstones rich in clay and terrigenous sand belonging to 
ANG[J3]. Thin pure clay laminae of ANG[J1] also visible near top 
of frame. Nudists Bay, Anguilla.
Note the abundance of a single Turritella species at the horizon 
crossing the centre of the frame.
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Plate 73
Phyllacanthus peloria (Jackson, 1922)
Figure 1
Holotype; interambulacral plate. AMNH 29801, "Arecibo" Formation 
NYAS-AMNH locality 56, Puerto Rico. 3x life size.
Figure 2
Hypotype; radiole tip. AMNH 29800, "Arecibo" Formation, NYAS-AMNH 
locality 56, Puerto Rico. 3x life size.
Figure 3
Obliquely crushed test. RHP 1339, Antigua Formation, Navy Base 
Quarry, Antigua. Life size.
Figure 4
Radiole tips. RHP 1129, Antigua Formation, Friars Hill, Antigua, 
Life size.
Figure 5
Radiole bases. RHP 1129, Antigua Formation, Friars Hill, Antigua. 
Life size.

Plate 74
Prionocidaris clevei (Cotteau, 1875) and ^  spinidentatus (Palmer 
in Sanchez Roig, 1949)
Figure 1
Prionocidaris clevei, holotype, USNM 115400; test segment showing 
ambulacral and interambulacral columns. Anguilla Formation, Cleve 
locality (a). Anguilla. 5x life size, scale divisions 1mm.
Figure 2
Prionocidaris clevei, radiole, USNM 115393. Anguilla Formation, 
Cleve locality (a). Anguilla. 2x life size, scale divisions 1mm.
Figure 3
Prionocidaris clevei, radiole, BMNH E.18254a. Anguilla Formation, 
Anguilla. 3x life size
Figure 4
Prionocidaris spinidentatus, heavily weathered test segment,
POD 823. Antigua Formation, Exchange Point, Antigua. Life size.
Figure 5
Prionocidaris spinidentatus, detail of ambulacral plate,
RHP 1278. Antigua Formation, High Point, Antigua. 4x life size.
Figure 6
Prionocidaris spinidentatus, radiole fragment, POD 888. Antigua 
Formation, Byham Point, Giana Island, off Antigua. 2x life size,

Plate 75
Tretocidaris anguillensis Cutress, 1980 
Figure 1
Lateral view of paratype, USNM 115 399b. Anguilla Formation, 
Anguilla. 3x life size.
Figure 2
Aboral view of paratype, USNM 115 399b. Anguilla Formation, 
Anguilla. 3x life size.
Figure 3
Side view of crushed holotype, USNM 115 399a. Anguilla Formation, 
Anguilla. 2x life size.
Figure 4
Detail of plate architecture, RHP 718. Anguilla Formation 
Anguilla. 4x life size.
Figure 5
Radiole associated with paratype, USNM 115 399c. Anguilla 
Formation, Anguilla. 3x life size.
Figure 6
Selection of radioles from set accessed as BMNH E.82238. Anguilla 
Formation, Airport Quarry, St Martin. 2x life size.

Plate 76
Irenechinus rosei n.sp.
Figure 1
Oblique adorai view of proposed holotype, POD 735b. Antigua 
Formation, Neck of Land, Antigua. 3x life size.
Figure 2
Detail of plate architecture just below ambitus on holotype, POD 
735a. Antigua Formation, Neck of Land, Antigua. lOx life size. 
Note crenulation on tubercles.
Figure 3
Ambital detail of paratype, POD 736a, Antigua Formation, Neck of 
Land, Antigua, 5x life size.
Note also the fragment of Lovenia gregoryi in the upper part of 
the frame, showing enlarged aboral tubercles recessed within 
ampullae which project as camellae on the inner surface of the 
test.

Plate 77
Caribbean Miocene Tripneustes 
Figure 1
Tripneustes tintamarrensis n.sp., aboral view of proposed 
holotype, BMNH E.82230, Anguilla Formation, North Cove, 
Tintamarre. Life size.
Figure 2
Tripneustes tintamarrensis n.sp., adorai view of proposed 
holotype, BMNH E.82230. Anguilla Formation, North Cove, 
Tintamarre. Life size.
Figure 3
Tripneustes tintamarrensis n.sp., side view of proposed holotype, 
BMNH E.82230. Anguilla Formation, North Cove, Tintamarre. Life 
size.
Figure 4
Tripneustes sp. a; fragment of ambulacra column, BMNH E.82115. 
Anguilla Formation, West Cliff, Anguilla. 2x life size
Figure 5
Tripneustes kugleri Jeannet, 1928; detail of ornament on holotype 
and only known specimen, NHMB M576. Lower part of Middle Miocene, 
Punta de los Zamuras, Falcon, Venezuela.
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Plate 78
Psammechinus anguillensis n.sp.
Figure 1
Aboral view of test, RHP 848. Anguilla Formation, Airport Quarry, 
Anguilla. 3x life size.
Figure 2
Adorai view of test, BMNH E.82071. Anguilla Formation, Airport 
Quarry, Anguilla. 3x life size.
Figure 3
Side view of test, BMNH E.82071. Anguilla Formation, Airport 
Quarry, Anguilla. 3x life size.
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Plate 79
Lower Miocene Echinometra from the Caribbean and Mediterranean 
Figure 1
Echinometra prisca
214 166b. 3x life :
Figure 2
Echinometra prisca
Figure 3
Echinometra prisca
3x life size.
Figure 4
Echinometra prisca
Figure 5
Echinometra prisca
of unknown provenance mentioned by Jackson (1922). 5x life size.
Figure 6
Echinometra fontannesi Cotteau, 1888; aboral view of MNHN 
B30344. Lower Miocene of Carry, France. 2x life size.
Note the slightly swollen madreporite. The long axis of the test 
passes through ocular 1 and genital 3, the apparent expansion of 
ambulacrum III in this specimen being a response to minor 
crushing of the specimen’s right side.
I
Plate 80
Recent Echinometra lucunter (Linnaeus, 1758)
Specimens collected by the author from the storm beach behind 
Shoal Bay, Anguilla. Note extent of shape variation and 
similarity of tuberculation to Echinometra prisca
Figure 1
Aboral views of practically subcircular and strongly elongate 
examples. Approximately life size.
Figure 2
Adorai views of same specimens as shown in figure 1. 
Approximately life size.
Figure 3
Left side views of specimens shown in figures 1 and 2 at slightly 
reduced scale; note elevation of test base.
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Plate 81
Clypeaster bather! Lambert, 1915 
Figure 1
Aboral view of holotype, BMNH E.12860. Antigua Formation, 
Antigua. Life size.
Figure 2
Adorai view of holotype, BMNH E.12860. Antigua Formation, 
Antigua. Life size.
Figure 3
Left side view of holotype, BMNH E.12860. Antigua Formation, 
Antigua. Life size.
Figure 4
Aboral view of holotype for synonym Clypeaster cryptopetalus 
Jackson 1922, USNM 328239. Antigua Formation, USGS Station 6854, 
Rifle Butts, Antigua. Life size.
Figure 5
Adorai view of USNM 328239. Antigua Formation, USGS Station 6854, 
Rifle Butts, Antigua. Life size.
Figure 6
Left side view of USNM 328239. Antigua Formation, USGS Station 
6854, Rifle Butts, Antigua. Life size.
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Plate 82
Clypeaster batheri Lambert, 1915; details of ornament on USNM 328 
239. USGS Station 6854, Rifle Butts, Antigua.
Figure 1
Centre of petal poriferous zone Ila. 14x life size.
Figure 2
Apical system and proximal parts of petals. 15.8x life size. 
Figure 3
Distal tip of petal poriferous zone Vb. 21.5x life size.
Figure 4
Tuberculation on adorai margin of test in ambulacrum Illb. 30x 
life size.

Plate 83
Lectotype of Clypeaster concavus Cotteau, 1875, and holotype of 
new subspecies Clypeaster concavus "concavus".
USNM 214 154, Anguilla Formation, Anguilla. Ail views life size,
Figure 1 
Aboral view.
Figure 2 
Adorai view.
Figure 3 
Left side view,

Plate 84
Clypeaster concavus "gatuni" (herein), ANSP 14825. Miocene of 
Thomonde, Haiti. Both views life size.
Figure 1 
Aboral view.
Figure 2 
Left side view.

Plate 85
Clypeaster concavus "gatuni" (herein), ANSP 14825. Miocene of 
Thomonde, Haiti. Adorai view, life size.

Plate 86
Clypeaster concavus Cotteau, 1875; details of ornament 
Figure 1
Apical system and proximal parts of corona in holotype, USNM 214 
154, Anguilla Formation, Anguilla. 7.8x life size.
Figure 2
Petal I showing accessory tube foot microunipores arranged in 
regular rows within interporiferous zone. Clypeaster concavus 
"gatuni" , ANSP 54222, Miocene of Thomonde, Haiti, approximately 
1.5x life size.
Figure 3
Distal end of petal lia in USNM 561 746, Anguilla Formation, 
Crocus Bay, Anguilla. 7.3x life size.
Note small isopores immediately beyond tip of petal.
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Plate 87
Clypeaster concavus Cotteau, 1875; details of construction.
Both specimens collected from Anguilla Formation exposed in 
Airport Quarry, Anguilla.
Figure 1
Transverse section showing pattern of internal supports, POD 121, 
Life size.
Figure 2
Aboral view of unusual fragmentary specimen in which the genital 
pores are well separated from madreporite, POD 120. 1.8x life 
size.
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Plate 88
Ambital sections of Clypeaster batheri Lambert, 1915 and 
Clypeaster concavus Cotteau, 1875.
Figure 1
Ambital section through Clypeaster batheri showing numerous 
radially elongate internal supports and poorly defined relatively 
narrow gut macrocanal. POD 660, Antigua Formation, loose block on 
north coast of Willoughby Bay, Antigua. 112% life size.
Figure 2
Ambital section through Clypeaster concavus showing small 
internal pillars, partially fused into palisade along margin of 
wide well-developed gut macrocanal, and an in situ lantern. POD 
108, Anguilla Formation, Airport Quarry, Anguilla. 104% life 
size.
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Plate 89
Clypeaster julii Roman, 1952 (for Lambert, 1915); holotype, BMNH 
E.12942. Antigua Formation, Antigua. Both views, 0.8x life size.
Figure 1 
Aboral view.
Figure 2 
Left side view.

Plate 90
Clypeaster julii Roman, 1952 (for Lambert, 1915); holotype, BMNH 
E.12942. Antigua Formation, Antigua. Adorai view, 0.8x life size.
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Plate 91
Clypeaster oxybaphon Jackson, 1922; holotype, USNM 328 241, 
Antigua Formation, USGS Station 6881, north side of Willoughby 
Bay, Antigua.
Figure 1
Aboral view, life size.
Figure 2
Left side view, life size.
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Plate 92
Clypeaster oxybaphon Jackson, 1922; holotype, USNM 328 241, 
Antigua Formation, USGS Station 6881, north side of Willoughby 
Bay, Antigua. Adorai view, life size.
Note traces of numerous concentric internal partitions on worn 
posterior margin of test.
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Plate 93
Clypeaster oxybaphon Jackson, 1922; paratype, AMNH 18568, Juana 
Diaz Formation, east shore of Cuanica Harbour, Puerto Rico.
Figure 1
Aboral view, life size.
Figure 2
Left side view, life size,

Plate 94
Clypeaster oxybaphon Jackson, 1922; paratype, AMNH 18568, Juana 
Diaz Formation, east shore of Guanica Harbour, Puerto Rico. 
Adorai view, life size.
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Plate 95
X-ray image of Clypeaster platygaster Jackson, 1922; ANSP 54211, 
Oligocène of Cuba, Life size.
Note concentric internal supports in ambital region and clear 
palisade of internal supports defining gut trace, centripetally 
of which supports are elongate radially. The species is very 
closely related to Clypeaster oxybaphon, even being considered 
nonspecific by other recent authors.
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Plate 96
Echinolampas lycopersicus Guppy, 1866 and Echinolampas sp. a 
Figure 1
Aboral view of Echinolampas lycopersicus, USNM 115 387. Anguilla 
Formation, Anguilla. Life size.
Figure 2
Adorai view of Echinolampas lycopersicus, USNM 115 387. Anguilla 
Formation, Anguilla. Life size.
Figure 3
Right side view of Echinolampas lycopersicus, USNM 115 387. 
Anguilla Formation, Anguilla. Life size.
Figure 4
Aboral view of Echinolampas lycopersicus, USNM 115 388. Anguilla 
Formation, Anguilla. 1.5x life size.
Figure 5
Right side view of Echinolampas lycopersicus, USNM 115 388. 
Anguilla Formation, Anguilla. 1.5x life size.
Figure 6
Aboral view of Echinolampas sp. a; BMNH E. 82145, Antigua 
Formation, loose block on north coast of Willoughby Bay, Antigua, 
Life size.
I
Plate 97
Echinolampas semiorbis Guppy, 1866; BMNH E.18218, Anguilla 
Formation, Anguilla. Ail views life size.
Figure 1 
Aboral view.
Figure 2 
Adorai view.
Figure 3 
Left side view,
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Plate 98
Pericosmus blanquizalensis Sanchez Roig, 1952; and Pericosmus 
mortenseni (Sanchez Roig, 1952)
Figure 1
Aboral view of Pericosmus blanquizalensis, BMNH E.82237, Anguilla 
Formation, North Cove, Tintamarre. Life size.
Figure 2
Adorai view of Pericosmus blanquizalensis, BMNH E.82237, Anguilla 
Formation, North Cove, Tintamarre. Life size.
Figure 3
Right side view of Pericosmus blanquizalensis, BMNH E.82237, 
Anguilla Formation, North Cove, Tintamarre. Life size.
Figure 4
Aboral view of Pericosmus mortenseni, BMNH E.82164, Antigua 
Formation, coastal platform on north coast of Green Island off 
eastern Antigua. Life size.

Plate 99
Schizaster clevei Cotteau, 1875; holotype, USNM 214 172 (formerly 
USNM 115 408), Anguilla Formation, Anguilla.
Figure 1
Aboral view of whole test. 1.5x life size. 
Figure 2
Adorai view of whole test. 1.5x life size. 
Figure 3
Left side view of whole test. 1.5x life size.
Figure 4
Detail of tubercles in lA 4 adorally. 16x life size.
Note tilting of areole posterolaterally and maximum development 
of crenulation in this direction.
Figure 5
Detail of subanal tube foot pores in ambulacrum I. 6x life size, 
Figure 6
Poriferous zone b of Petal I to show details of pore shape and 
arrangement. 6x life size.

Plate 100
Schizaster munozi Sanchez Roig, 1949.
Figure 1
Aboral view of BMNH E.82199. Antigua Formation, sedimentary 
facies ANT[H3], foreshore platform approximately 200m north of 
Byham Point on Giana Island off Antigua. 1.5x life size.
Note preservation of spine coat in wide deeply sunken anterior 
ambulacrum only. Specimen closely resembling the holotype of the 
species’ junior synonyn Paraster tschopi.
Figure 2
Adorai view of BMNH E.82199. Antigua Formation, sedimentary 
facies ANT[H3], Antigua. 1.5x life size.
Figure 3
Left side view of BMNH E.82199. Antigua Formation, sedimentary 
facies ANT[H3], Antigua. 1.5x life size.
Figure 4
Aboral view of RHP 1045, Antigua Formation, sedimentary facies 
ANT[I2], Bums Point, Antigua. Life size.
Note the extensive preservation of the spine coat beyond the 
anterior ambulacrum, which is relatively narrower in this large 
individual resembling the holotype of Schizaster munozi than in 
the smaller example resembling that of its synonym, ^  tschopi.

Plate 101
Agassizia clevei Cotteau, 1875 
Figure 1
Aboral view of BMNH E.82285. Anguilla Formation, Crocus Bay, 
Anguilla. 3x life size.
Figure 2
Adorai view of BMNH E.82285. Anguilla Formation, Crocus Bay, 
Anguilla. 3x life size.
Figure 3
Right side view of BMNH E.82285. Anguilla Formation, Crocus Bay, 
Anguilla. 3x life size.
Figure 4
Aboral view of BMNH E.82168. Antigua Formation, Byham Point, 
Giana Island, Antigua. 3x life size.
Figure 5
Adorai view of BMNH E.82168. Antigua Formation, Byham Point, 
Giana Island, Antigua. 3x life size.
Figure 6
Right side view of BMNH E.82168. Antigua Formation, Byham Point, 
Giana Island, Antigua. 3x life size.
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Plate 102
Brissus exiguus Cotteau, 1875; USNM 115 378, Anguilla Formation, 
Anguilla. Ail views 2x life size.
Figure 1 
Aboral view.
Figure 2 
Adorai view.
Figure 3 
Right side view.

Plate 103
Brissopsls antillarum Cotteau, 1875; test form.
Figure 1
Aboral view of mature adult, lectotype, USNM 214170a, Anguilla 
Formation, Anguilla. 1.5x life size.
Figure 2
Adorai view of mature adult, lectotype, USNM 214170a, Anguilla 
Formation, Anguilla. 1.5x life size.
Figure 3
Left side view of mature adult, lectotype, USNM 214170a, Anguilla 
Formation, Anguilla. 1.5x life size.
Figure 4
Aboral view of mature adult, paratype, USNM 214170b, Anguilla 
Formation, Anguilla. 1.5x life size.
Figure 5
Aboral view of juvenile, paratype, USNM 214170c, Anguilla 
Formation, Anguilla. 3x life size.

Plate 104
Brissopsis antillarum Cotteau, 1875; details of ornament in 
lectotype, USNM 214170a, Anguilla Formation, Anguilla
Figure 1
Detail of phyllodes in ambulacrum III and IV. 3.8x life size. 
Figure 2
Detail of petal IV. 5x life size.
Figure 3
Nodal arrangement of tubercles in lA 4b at ambitus. 8x life size, 
Figure 4
Plastronal tubercle in lA 5b. 20x life size.

Plate 105
Brissopsis sp. ^
Figure 1
Fragment showing confluence in petals I and V, viewed from 
interior of test. BMNH E.82047, Antigua Formation, Long Bay, 
Antigua. Life size.
Figure 2
Adorai view of small specimen. BMNH E.82038, Antigua Formation, 
Long Bay, Antigua. Life size.
à
Plate 106
Eupatagus cubensls (Cotteau, 1881); specimen BMNH E.82231, 
Anguilla Formation, North Cove, Tintamarre.
Figure 1
Aboral view. Life size.
Figure 2
Left side view. Life size.
N.B. Basal part of plastron missing.
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Plate 107
Eupatagus cubensls (Cotteau, 1881), adorai view of specimen BMNH 
E.82231, Anguilla Formation, North Cove, Tintamarre. Life size. 
N.B. Basai part of plastron missing.

Plate 108
Eupatagus cubensls (Cotteau, 1881), specimen BMNH 12941, Antigua 
Formation, Hodges Bay, Antigua.
Figure 1
Aboral view. Life size.
Figure 2
Right side view. Life size.

Plate 109
Anguillan Meoma antillarum (Cotteau, 1875) and Antiguan ?Meoma 
antillarum
Figure 1
Aboral view of Anguillan Meoma antillarum. BMNH E.82138, Anguilla 
Formation, Magnificent Bay, Anguilla. 70% life size.
Figure 2
Bored and oyster-encrusted test fragment of ?Meoma antillarum 
including part of long flexous and deeply sunken petal. BMNH 
82160. Antigua Formation, coastal platform, central north coast 
of Green Island near Antigua. Life size.

Plate 110
Meoma clevei (Cotteau, 1875); test form in holotype, USNM 214174 
(formerly USNM 115410), Anguilla Formation, Anguilla.
Figure 1
Aboral view. Life size. 
Figure 2
Adorai view. Life size. 
Figure 3
Left side view. Life size.

Plate 111
Meoma clevei (Cotteau, 1875); details of ornament in holotype, 
USNM 214174 (formerly USNM 115410), Anguilla Formation, Anguilla,
Figure 1
Tip of petal V. 9.5x life size.
Figure 2
Phyllode IV. 7.8x life size.
Figure 3
Tuberculation within peripetalous fasciole, aborally in lA 2, 
9.5x life size.
Figure 4
Detail of anterior ambulacrum. 18x life size.
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Plate 112
Lovenia gregoryi Lambert, 1922.
Figure 1
Lovenia gregoryi gregoryi n.ssp. Aboral view of laterally crushed 
species and subspecies holotype, BMNH E.12951, Anguilla 
Formation, Anguilla. 2x life size.
Figure 2
Lovenia gregoryi gregoryi n.ssp. Right side view of laterally 
crushed species and subspecies holotype, BMNH E.12951, Anguilla 
Formation, Anguilla. 2x life size.
Figure 3
Lovenia gregoryi gregoryi n.spp. Aboral view of subspecies 
paratype, BMNH E.75725, Anguilla Formation, Anguilla. 2x life 
size.
Figure 4
Lovenia gregoryi gregoryi n.ssp. Adorai view of subspecies 
paratype, BMNH E.75725, Anguilla Formation, Anguilla. 2x life 
size.
Figure 5
Lovenia gregoryi antiguensis n.ssp. Aboral view of subspecies 
holotype, BMNH E.75656, Antigua Formation, North side of Hughes 
Cove, Antigua. 2x life size.
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Plate 113
Antillaster elegans (Jackson, 1922); test form in BMNH E.82031 
Antigua Formation, Boon Point, Antigua.
Figure 1
Aboral view. 60% life size. 
Figure 2
Adorai view. 60% life size. 
Figure 3
Right side view. 60% life size.

Plate 114
Antillaster vaughani (Jackson, 1922).
Figure 1
Aboral view of BMNH E.82193. 50% life size.
Figure 2
Left side view of BMNH E.82193. 50% life size.
Figure 3
Detail of tuberculation and occasional associated radioles on 
adorai margin of paratype, USNM 328246. 2x life size.

